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V. Riverbend Industrial Park-Project .
\1 -J b •
A. introduction
" ^Because it is located on th?7Tres4^icfijlRiver floodplai^L and /jW
confined by flood levees and rugged bluff land, Winona has little }£$ti for
industrial expansion. Consequently, the city is compelled to seek
additional industrial land to remain economically healthy. The only area
zoned for heavy industry with significant area yet to be developed is
Riverbend Industrial Park located east of Mankato Avenue between the
lake outlet ditch and Highway 61-14 (Figure / >. There are 124 acres
available for development including 28 acres already sold to Badger
Foundry for disposal of foundry sand. Because the Badger Foundry site is
not classified as wetland, no filling permits are required for the major
portion of the area. The long range plan of the city is to develop industrial
land on the bluff tops which rise almost 600 feet above the city.
However, it will be very expensive and energy intensive to extend water
and sewer lines to that elevation. Industrial expansion to the bluff tops
would also detract from the beauty of the scenic area.
The City of Winona's master plan calls for the development of
Riverbend, and the Port Authority of Winona places high priority on its
filling and development. In recent years, both the City of Winona and the
Port Authority have supported applications to fill portions of Riverbend.
These permit applications were to: 1) fill 8 acres to construct Frontenac
drive, 2) fill 7 acres between Frontenac drive and the lake outlet ditch
for Renk Trucking, 3) develop an incinerator site for Winona County, and 4)
fill 81 acres, including the incinerator site, in conjunction with the
dredging of Lake Winona.
Frontenac Drive is designed to divert truck traffic from Mankato
Avenue directly to the large industrial area in the east end of Winona. The
1968 traffic map at the Eighth Street-Mankato Avenue intersection shows
11,500 vehicles per day passing through a residential area. A grade school
is located at that intersection.
B. Construction
This proposed project would fill the site of Frontenac Drive and all
remaining lowlands yvithin Riverbend (96 acres total) at one time, rather
than doing it piecemeal. The entire area would be filled to a depth of 8

feet with sand dredged from the lake. Ninety acres would then be topped
with 3 feet of muck dredged from the lake. Frontenac drive -would not be
covered. The muck would dry to a depth of 1.5 feet. The project would
also benefit Lake Winona, providing a window of opportunity for dredging
that will never exist again, it would also defray part of the cost of
dredging Lake Winona because Riverbend land would sell for about $25,000
per acre when filled. The cost of the dredged sand fill would be about
$26,875 per acre. An additional cost of about $12,000 per acre for
streets and utilities would be borne by the city and is not reflected in the
selling price of the land. The cost of pumping muck to Riverbend would be
charged solely to the Lake Winona project, however, because it would not
benefit Riverbend. Prior to filling Riverbend, the existing trees would be
cleared at a cost of about $20,000.
Presently (Spring, 1990), the Riverbend site is being studied by two
faculty and two students from Winona State University. Studies include
detailed mapping, vegetation analysis, wildlife observations, and wetland
quality analyses as determined by the Habitat Evaluation Procedure (HEP)
and the Wetlands Evaluation Technique (WET).
The wetland within Riverbend is typified by plant species that are
indicators of wetlands, but they constitute a relic flora which is being
replaced by upland species. As explained previously, the area is kept
relatively dry by the pumping station on the the lake outlet ditch.
Piezometer readings made on April showed the water table to be
feet
above sea level, more than
feet below the surface of the area. The
most common trees in the area are willows and silver maples, both
arising mainly as clones from stumps of trees cut in 1973. Boxelder,
hackberry, and mulberrry are invading the area. Most single-stemmed
trees in the area are boxelder, indicating growth from seed rather than
from stumps. Box elder are intolerant of having their roots submerged for
prolonged periods. The presence of numerous 10-15 year old specimens
throughout the area demonstrates the ongoing succession from a wetland
environment to an upland environment.
Riverbend includes 54 acres of forest land, none of which fits into
any of the wetland types of HEP. The forest is not covered with standing
water, its soils are not waterlogged during the growing season, and it is
not seasonally flooded. The 10 acres of grassland might be classified asType 2 wetland (fresh meadow) if the soil were waterlogged within a few
inches of the surface during the growing season, but piezometer

measurements show that this is not so.
We are in agreement that there are only about 2.6 acres of HEP
wetlands within Riverbena, they include 2 acres of open water worth
147.5 habitat units, and 0.6 acres of deep fresh marsh 'worth 62 habitat
units, for a total of 209.5 habitat units.

C. Benefits of project
1. It will provide badly-needed industrial space and
employment.
2. it will concentrate industry in one place, away from
residential and scenic areas.
3. it will reduce truck traffic near a school and in
residential areas.
4. it will enable the area to be filled in a planned
manner, rather than have it filled piecemeal.
5. it will provide the only possible disposal area for
sand dredged from Lake Winona.
6. it will provide temporary storage for muck dredged
from Lake Winona.
D. Detriments of the project
1. It will destroy
acres of Type
wetland.

_
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Vi. Lake Winona Dredging prefect
A. Introduction
Dredging would be confined to the east lake, which has a water
surface area of 215 acres; 163 acres are less than 15 feet deep and
consequently support dense growths of nuisance aquatic plants, primarily
curlyleaf pond weed (Potamoaeton crisous). Based on limnological studies
done by Winona State University, the Lake Winona Committee has
recommended that large areas of the lake be deepened to 16 feet to
control weed growth, remove sediments that have a high biochemical
oxygen demand and are rich in nutrients, and to increase the volume of the
lake. Because area residents hold the lake in such high regard as a
recreational and scenic resource, the Winona City Council has adopted the
dredging of Lake Winona as a goal.

? •

The average depth of the east lake is 8 feet. About 49% of the east
lake is 5 feet or less in depth. About 7Q% is 10 feet or less in depth. Only
10:1 is 15 or more feet deep. Lake sediments were sounded on May 28,
1986., revealing that the lake is underlain with 8 to 20 feet of "muck"
which is underlain with sand. The upper stratum of the muck layer
consists of a sapropel-copropel layer varying in depth from about 6 inches
in shallow areas to over 4 feet in deep areas. The lower muck strata are
composed mainly of silt deposited by floods of Gil more Creek. Muck is
not suitable for industrial fill, but sand is ideal.
B. Construction
The City Council accepted a feasibility report from Robert Boll ant
(Director of Public Works) on April 27, 1987 recommending that Riverbend
be filled by dredging sand from a 24-acre deep hole at the extreme east
end of the lake and then dredging 950,000 cubic yards of muck into the 24acre excavated hole. Approximately 80 acres of the lake could thus be
deepened from an 8-foot depth to a 16-foot depth. A containment boom
(silt curtain) would be constructed from the point by the hospital to a
point south of Hamilton Street to contain sediment during the muckdredging operation. Robers Dredging Company of LaCrosse, Wisconsin has
used these containment curtains and found them effective.
The SOacres to be deepened to a 16-foot depth would include the
north half of the lake and both the east and west ends., which are the

most heavily used areas of the lake. Added to the 52 acres already greater
than 15 feet deep, this would make 132 acres of the lake deeper than 15
feet.
After the April 27, 1987 feasibility report was accepted by the City
Council, the Lake Winona Committee approached the Port Authority,
requesting that as much muck as possible be pumped out of the lake. The
Port Authority agreed to allow placement of 3 feet of muck atop the
dredged sand fill at Riverbend. When dry, the muck would shrink to a depth
of about 1.5 feet and could be recovered as top soil. Frontenac Drive
would not be covered, leaving 90 acres to receive 450,000 cubic yards of
muck. Cost of dredging are as follows:
Cost of dredging 1,230,000 cubic

yards of sand to Riverbend @ $2.00
per cubic yard
Cost of dredging 450,000 cubic
yards of silt-muck to Riverbend
@$2.00 per yard
Cost of dredging 500,000 cubic yards
of silt-muck into 24-acre hole at
$1.20 per cubic yard

$2,560,000

$900,000

$600.000
$4,060,000

C. Benefits of the project
1. It would deepen
acres of the. lake, thus inhibiting the
growth of nuisance aquatic weeds and indirectly reducing
stunting of panfish.
2. It would increase the aesthetic appeal of the lake.
3. It would increase the volume of the lake, thus providing
addditional living space for fish and increased storage of
dissolved oxygen.
4. It would remove sediments that supply nutrients directly to
rooted aquatic rnacrophytes and indirectly to phytoplankton
vi a t he w a t er c o1umn.
5. It would remove sediments that have a high biochemical
oxygen demand (BOD), thus reducing the degree of hypoxia
at the mud-water interface arid the consequent release of
phosphorus.

6. By reducing the BOD of sediments, it may make the lake
bottom habitable to bent hie fish-food organisms.
7. It will probably make it unnecessary to run aerators, at
1e a s t f or a nurnb er o f yea r s.
8. It will extend the useful life of the lake.
D. Detriments of the project
1. it will be expensive.
2. It will necessitate the expenditure of fossil fuels.
3. Suspension of high BOD sediments during dredging may
cause fish kills.
VII. Mitigation - Background information
On February 7, 1990, the final memorandum of agreement (MOA)

between the U.S. Army Corps of Engineers (USAGE) and the U.S.
Environmental Protection Agency (EPA) outlining the procedures for
determining the type and level of wetlands mitigation necessary to meet
the requirements of Section 404(b)(1) of the Clean Water Act became
effective (Sport Fishing institute, 1990).
The final MO A, which changed some of the provisions of the original
November 15,
document, involved months of negotiations between
the US ACE, EPA and the White House. The MO A is meant to provide internal
guidance to USAGE arid EPA staff on how to implement existing Section
404 permit regulations. The MO A notice was published in the Federal
Register on February 15, 1990.
While the MO A has been described by the USAGE as being consistent
with President Bush's goal of no overall net loss of wetlands, it by design
apparently falls short of establishing such as national policy. The task of
developing recommendations on a national, no-net-loss policy has been
delegated to the Domestic Policy Council's inter-Agency Task Force on
Wetlands.
The following sections deal with the feasibility of mitigating for
loss of
acres of Type
wetlands if Riverbend is filled. We
understand that no mitigation would be necessary for dredging Lake
Winona.
VIII. Storm Sewer Diversion as a Mitigation Measure
A. introduction
The previously discussed MOA probably would not include storm

sewer diversion as a mitigation measure for lost wetlands because the
measure would not create new wetlands or restore wetlands which have
been degraded. Nevertheless, this measure has been suggested, it is
included here because considerable time and effort have been expended to
determine its feasibility.
it obviously would be desireable to intercept nutrient-charged storm
water which enters Lake Winona via its storm sewers. Lake Winona's
weed problem is due largely to the lake's shallowness, but also due to its
highly eutrophic status, in addition to nutrients such as lawn fertilizers,
storm sewers also contribute tree leaves and grass clippings that supply
additional nutrients and have a high biochemical oxygen demand, as well

as debris, sand, silt, oil and potential toxins.
Unfortunatey, sewer construction in Winona is a very complex,
expensive process because: 1) the water table is so close to the surface
that most sewers are submerged, 2) the sandy soils are very porous
allowing rapid infiltration, 3) the gradient to the lake outlet ditch is so
slight that flow would be slowed, 4) the sewer interceptor would be
partially filled with water at all times, lessening its capacity to handle
storm surges, 5) building a sewer below the water table necessitates sand
- point well fields, manifolds and pumps to dewater construction sites,
and 6) it may be necessary to construct a lagoon to remove phosphorus
from the storm water before it is discharged into the river.
6. Construction
The storm sewer diversion would consist of intercepting all the
storm sewers emptying into the east lake along the north shore and
constructing an interceptor storm sewer along the north shore easterly
past Lake Winona to discharge into the lake outlet ditch east of Mankato
Avenue (Figure
). The pumping station located on the outlet ditch
would assure free fall of storm water into the ditch, even during flood
time.
The proposed interceptor is based on a five -year design, for which
the major part of the city is designed. This means, theoretically, that the
storm sewer interceptor line would be overloaded once every five years.
It is assumed that the overflow would flow directly into Lake Winona.

This periodic flushing may be especially detrimental because the flush
may contain nutrient-rich sediments accumulated during periods of low
precipitation.
The following cost estimate is for the east lake only. Running an
interceptor line along the north side of the west lake would at least
double the cost because of increased distance from the outlet ditch. We
conclude that the construction of a storm interceptor sewer line is not
economically feasible at this time.
INCLUDE BOB's cost table here (Table XX)
C. Benefits of the project
1. It would decrease loading of nutrients, high BOD detritus,
debris, sediment, oil, animal feces, and potential toxins.

2. it would reduce the chances of chemical arid oil spills into
the lake.
3. It would increase the effective life of the lake.
D. Detriments of the project
1. St would be prohibitively expensive.
2. Construction would cause temporary damage to parkland
arid disruption of traffic.
3. it would cause the expenditure of fossil fuels and
nonrenewable resources.
.
.
v .
IX. Wetland Restoration as a Mitigation Measure - I K
^ *
A.Introduction
This project proposes to restore two city-owned wetlands adjacent
to Lake Winona within the City of Winona (Figure ). West Marsh comprises
12.5-acres and is bounded by K-Mart Shopping Center, the Lake Winona
bike path, and Trunk Highway 61. East Marsh comprises 18.9-acres and
runs eastward from Huff Street between the Lake Winona bike path arid
Trunk Highway 61. Both areas presently are overrun with the noxious
exotic weed, purple loosestrife (Luthrum salicaria). which must be
controlled by the city under Minnesota statute. The proposed restoration
will: 1) lead to the management of the purple loosestrife now dominating
the areas, 2) provide improved habitat for native wetland biota, 3)
impound stormwater runoff to reduce nutrient loading into the lake, arid 4)
establish the wetlands as areas for environmental interpretation arid
education. The project will be a cooperative effort involving Winona State
University faculty (pre-restoration planning, environmental studies,
interpretive planning) and WSU students (environmental studies, class
projects), the City of Winona (engineering, construction), the Lake Winona
Committee (overlook construction), and area citizens (revegetation,
volunteer efforts). Visitor access to the restored areas will be provided
by connecting access points to an extensively used, asphalted, multipleuse path that presently encircles the lake. Public access will be
improved. Revegetation with a variety of native wetland plants differing
in texture, height, arid color will relieve the present single-species
monotony and enhance the wetlands' aesthetic appeal for visitors. The
greater arid more typical diversity also will make the wetland a model
wetland for local primary and secondary schools. Irregular contours of
shorelines and islands will aesthetically improve the appearance of the
areas which are presently dissected with straight ditches and dikes.
The proposed restorations have been discussed with personnel of the
Wisconsin Department of Transportation and the Wisconsin department of
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Natural Resources who were involved directly with the restoration of
degraded wetlands within the City of Madison and linked to the Vahara
River as mitigation for highway construction. Additional discussions of
the proposed project have involved personnel from a variety of
organizations and agencies that are involved in wetlands assessment,
management, and restoration, including the Minnesota Department of
Natural Resources, USAGE Waterways Experiment Station (Vicksburg, MS),
USAGE (St. Paul District), USFWS Upper Mississippi River National Fish arid
Wildlife Refuge (Winona), USFWS Montezuma National Wildlife Refuge
(Seneca Falls, NY), USFWS Trempealeau National Wildlife Refuge
(Trempealeau, Wi), and biologists from St. Mary's College (Winona, MN).
The project will use the intensively studied Weaver Bottoms of the
Mississippi River and Trempealeau National Wildlife Refuge as reference
wetlands. The Weaver Bottoms Rehabilitation Project has been very
successful, receiving the 1989 Chief of Engineers Award of Excellence,
the USAGE 'S highest award for projects worldwide, it was also selected
as the top project in the Environmental category; in the 20-year history of
the awards program it was the first project from that category to win the
top award. In 1988, this project also received the environmental

engineering grand prize from the Minnesota Consulting Engineers Council
o f Mir? ne s o t a. T he prim ar y re sear c h w ork fort h e W eaverBottoms
Reclamation Project was done in 1975-1978 by Winona State University
and St. Mary's College personnel under contract with the USAGE and the
USFWS.
Prior to restoration, the two areas will be assessed to determine: 1)
the nature of the existing physical habitat, 2) the present dominance of
loosestrife, 3) the use of loosestrife-dominated areas by wildlife, and 4)
the current status and distribution of native wetland plants and animals.
Recent high-altitude infrared and true-color stereoscopic photos from the
USFWS Long-Term Resources Monitoring (LTRM) Program will be used to
make detailed base maps and to plot plant distribution. Ground truthing
will ensure the accuracy of plant distribution maps. Preliminary surveys
of habitats, water chemistry, plants, and animals are presently underway,
but thorough inventories are needed to adequately document the state of
the present wetlands and their plant and animal residents.

Post-restoration monitoring and inventory will be done intensively
during the first two years subsequent to restoration. Water chemistry and
changing plant and animal communities will be monitored and compared
statistically and/or photographically with those in reference wetlands
(Weaver Bottoms and Trempealeau National Wildlife Refuge). Highaltitude infrared and true-color photographs from LTRM also will be used
to assess vegetational changes in the restored areas. Because of the
wetlands' proximity to Winona State University, long term observations
will be done routinely as field work in limnology, ecology, and entomology
classes. These data will be valuable to those conducting similar
restoration projects
B. Restoration of West Wetland
West wetland consists of 4.3 acres dedicated to the city as
wetlands in conjunction with K-Mart development and 8.2 acres owned
outright by the city. Existing ground elevation is 12-18 inches above
norrna1 w a t er 1e v el. P re s en11y, 3.0 ac re s o f the marsh are op en w a ter. The
plan calls for excavating the marsh (with dragline) to an average elevation
of 2 (3 is preferable) feet below normal water level to an elevation of
644.5 feet

above sea level. It will be difficult to pile the excavated material
greater than 4-5 feet high due to its soupy characteristics. The
excavation will create 6.7 acres of open water which will be planted with
native aquatic plants. Newly created berms will be planted with native
floodplain trees and shrubs, especially those that have wildlife value. The
cost of excavating 32,400 cubic yards of material @ $2.00 per cubic yards
is $64,800. The restored wetland will be connected to Lake Winona by an
18-inch(?) culvert which is presently in place. The culvert's present
grating will be retained to prevent carp access to the marsh. We plan to
lower the level of Lake Winona one foot prior to construction to partially
dewater the soil and make it easier to excavate and pile.
C. Restoration of East Wetland
. During times of normal lake level there is no open water in East
Marsh. The plan calls for excavating 11.4 acres to an average depth of
2(3?) feet below normal water level to an elevation of 644.5. Excavated

materia] will be piled around the perimeter of the site and also within the
site as needed, creating islands. An (
footX
foot) area east of and
adjacent to Huff Street will be filled with excavated material and
reserved for a hangglider landing area. The restored marsh will have no
direct connection with the lake. The berrn upon which the bike path is
built will act as a dike allowing water elevation in the restored marsh to
be raised one foot by runnoff and input of storm sewers. The one-foot rise
will be made possible by installing a sill in each of the three culverts
which presently drain the area. The floors of the culverts presently are
about two feet higher than normal lake level. The wetland will be
replanted with native aquatic plants. Berms arid islands will be planted
with trees and shrubs as in the K-Mart area. The cost of excavation will
be about $96,171.
D. Development of Environmental Interpretation/Education
Materials arid Curricula
in the continental United States, more than half of the original
wetlands have been destroyed. The situation is most severe in and around
urban areas where few wetlands have gone undrained or undeveloped.
However, their potential for environmental interpretation and education
makes urban wetlands some of the most essential in the nation.
Urban wetlands are important because they are accessible to large
numbers of people on a regular basis. According to Ralph Rogers, U.S.

Environmental Protection Agency wetland specialist for the state of
Oregon, "Wetlands exist out of the city, but the most convenient way for
most people to learn about them is in the city." By the year 2000,
projections indicate that 901 of all Americans will live in urban areas.
The great majority of Americans likely will learn and care about wetlands
only through trips made to urban wetlands.
Cities across the U.S. have begun restoring, protecting, and
preserving their urban wetlands. These wetlands provide valuable habitat
for a wide range of plants and animals, including threatened or endangered
species. Some cities now use wetlands to cleanse storm water runoff and
sewage effluent. By incorporating hiking trails, picnic areas, interpretive
programs, and educational activities into their management plans, cities
have been able to cultivate public understanding and support for wetlands

\\

conservation.
The proposed projects will serve vital interpretive/educational and
research functions because of their proximity to Winona State University
and St. Mary's College. Their interpretive and educational mission will be
enhanced by their location within the City of Winona and their proximity
to area schools, Highway 61, the multiple-use path and adjacent
parklands, and the City's planned Upper Mississippi River Interpretive
Center.
The restored wetlands will be used to educate the public on the
importance of wetlands and the degradation of area wetlands by
loosestrife. Visitor/user potential and interpretive and environmental
education needs of the two restored areas will be assessed; an overlook
and interpretive signage will be constructed at one of the sites. Wetland
exhibits will be erected in the adjacent Tourist Information Center.
Wetlands educational activi ties/tours/traveling displays will be
developed. Post-restoration visitor use arid interpretive plan
effectiveness will be evaluated.
During and after restoration, the two wetlands will provide an
opportunity for wetlands environmental interpretation and education in an
urban environment. Public interpretive efforts will be maximized by
bringing wetlands awareness to the large population presently using the
adjacent multiple-use path. The close proximity of the wetlands to

Winona State University, St. Mary's College, and local high, middle, arid
elementary schools will provide for student environmental education and
research opportunities. Media contact with the public during restoration,
informational materials for visitors during and after restoration, and
evaluation and modification of interpretive/educational programs will
help generate public understanding and support for wetlands conservation.
E. Purple Loosestrife Management
Purple loosestrife has degraded wetland habitats throughout the
eastern United States, often forming monotypic stands across entire
wetlands. It out-competes most native wetland plants, reduces plant
diversity, and results in a loss of animals that depend on native plants for
food and cover.
Minnesota is the first state to develop a comprehensive program to

control the spread of loosestrife. Mechanical and chemical control
methods currently are in use to control the weed in many localities, and
biological control is a future hope. However, dense stands of loosestrife,
such as those dominating the proposed restoration sites, do not respond to
typical control measures. The propose project would: 1) excavate areas to
increase water depths to inhibit loosestrife, 2) minimize shallow waterzones where loosestrife could become established, 3) re vegetate wetland
areas with cattail, lotus, pickerel weed, lily, arrowhead, and wild rice,
and 4) revegetate upland areas with reed canary grass, river birch,
speckled alder, siver maple, green ash, red osier dogwood, willow, swamp
white oak, button brush, and false indigo. We recognize that reed canary
grass is an exotic, but it may be the only grass that forms stands dense
enough stands to compete with loosestrife on disturbed soil. Reed canary
grass also furnishes good waterfowl nesting cover, especially if it is
interspersed with shrubs. Dense shade created by trees and shrubs on
islands and berms will inhibit loosestrife on drier soil.
Open water areas could be increased in size by removing sediment
from the site. However, the sediment serves as a seed bank, perhaps
containing 21,000 viable seeds per square meter (Klips, 1990). Therefore'
it will be retained on site, being used to bury existing stands of
loosestrife, and to create islands and buffer zones. Discussions with
loosestrife control experts (reference?) at USFWS Montezuma National

Wildlife Refuge (Seneca Falls, NY) indicate that these methods will
provide the most effective means for suppression and control of
loosestrife in the areas to be restored.
F. Benefits of the project
1. St would create high-quality wetlands, replacing
poor-quality wetlands dominated by purple loosestrife.
2. it would increase habitat diversity, thereby enhancing
wildlife populations.
3. It may develop new methods for managing loosestrife.
4. It would create wetlands in an urban environment, bringing
wetlands to the people.
5. It would enhance the beauty, natural environment, arid
serenity of the multiple-use path running adjacent

to the wetlands.
6. it would result in removal of nutrients from storm water.
7. It would beautify an area now blighted with rnonotypic
stands of loosestrife.
8. it would create habitat for amphibian reproduction in an
area where such habitat is scarce.
9. It would enhance the education of students arid the public
about the value of wetlands.
10. It will create a living laboratory for university
researchers.
11. It will provide hands-on experience for children and
adults who volunteer to assist in the restoration.
G. Detriments of the project
1. it will be expensive.
2. it will necessitate the expenditure
of fossil fuels.
3. it will require an intensive public education effort to allay
fears of increased mosquito production, and to convince
the general public that marshes are desireable.
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concerns,
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Being the Port Authority could not obtain permits to fill Riverbend
Industrial Park and develop a barge fleeting site below Peerless
Chain, the Port Authority applied for permits in the Commercial
Harbor. In 1977, the Port Authority obtained permits to dredge out a
3 3 barge fleeting area and a barge staging area along the Crooked
Slough channel and to fill 16 acres in the Commercial Harbor.
Even though this was a very expensive project, the Port Authority was
able to obtain the funding and completed the project in 1984. This
gave the Port Authority of Winona one of the finest barge fleeting
staging areas adjacent to the main channel of the Mississippi River in
the whole upper reach of the Mississippi.

Because

of soil

agricultural
Winona

the Huff

a dredge

12).

at a cost

lake

This

school

originally
Highway

61. The

dredging

was

scale,

maximum

of Lake

Gilmore

Creek,

Because

it has such

to flooding,

flow

a large

on December

29,

(channelization,

to prevent

Gilmore

Creek

and Lake

reservoir

(Boiler

diversion

has prevented

River.
rises
lake
ditch

Lake
from

Lake)

Winona
with

the river

maintains
Severe

(Ictiobus
and gizzard

Winona.

flood

and falls

dike

winter

cvs^inellus

now

receives
river
is very
kills

), carp

(Dorosoma

21,

which

of 8 feet

the hospital

wetlands

which

perimeter

after

of
of

the

in 1957-1958,

waters

several
Creek
1951,

on a

2,250

Gilmore

siltation

ceoedianum

minimum

engineering
employed

from

has flowed

Winona

directly

from

the sand

flood

and 1969

(Cyprinus

Committee,

been

sediments
(Figure

carried

damaging
into

a flood

13) . This

of the lake.

A pumping

during

Many
have

Winona

Lake

because

Study

1885.
prone

Creek

at its

cfs.

Winona

Lake

since

is especially

and dikes)

Lake

with

times

Basin

and their

1944,

1965

associated

by comparison,

dams

porous.
in

again

only

no water

level

depth

immediately

Comprehensive

isolates

level

soil

for the construction

Gilmore

entering

further

with

the northern

rerouted

contained

before

upon

intimately

at Winona,

Since

the lake

shad

River

flood

to an average

along

on July

diversions,

the city

Winona's

flow

1933,

tilled

for swimming.

watershed,

River

it had again

dredged

has been

Mississippi

Mississippi

and 1953,

of sand

has been

At its maximum

The

projects

Winona

purchased

in 1950

holes

was

Field

resumed

of the lake

the lake

and the creek

cfs (Upper

1970).

The lake

of Winona

the extensive

by removal

Maxwell

The project

of the land

Deep

depth

to improve

The fate

most

in

Street.

the lake

and destroyed

mainly

the City

of

Lake

occurred

Park*

ot Franklin

because

deepened

the lake.

44 feet.

east

Creek t

dredging

Lake

II, but was

provided

formed

The -first

In the 1930''s

transporting

at Gilmore

to construct

dredged

built,

the conseouent

floods

times.

War

dredging

surrounded
were

5,360

was

were

the lake

during

used

World

of $485,900,

high

small

was

and

it to -fill lowlands

during

the entire

Winona

causeway.

and used

(Figure
and

Street

problems

several

material

suspended

when

Lake

dredged

dredged

was

into

has been

1913;
and

soil

erosion

carpio

from

the Mississippi

the river,

bar which

station

but its level

separates

on the lake's

the
outlet

time.
allowed

stunted

). bullheads

) to dominate

buffalofish

( Ictalurus
the lake

until

melas
1973,

),

when

a reclamation

mainly

project

-for children,

corporation

(the

equipment,

the elderly

Lake

Winona

and coordinated

Department

of Natural

University.
equipment
systems

to prevent

bluegills
saimoiries

Committee)

raised

the cooperative

winter

fish

from

A non-profit

funds,

efforts

the City

included:

kills,

installed

of the Minnesota

ot Winona

and Winona

entering

virtually

i) installation

2) installation
the lake

fishery,

all

of aeration

of an electric

from

State

the river,

weir

to

3) treatment

o-f

waters
with rotenone
to kill all fish, 4) cleanup
of
of dead fish (730 lbs/acre),
and 5) restocking
with

(Lepomis
macrochirus
), smallmouth
bass

lucius ), muskellunge

(Ssox

), largemouth
bass (Micropterus
(Micropterus
dolomieui
)» northern

masquinonqy

) and walleyes

pike

(Esox

(Stizostedion

).
Fishing

was

restoration,
pondweed

cover

crowding,

used

stocked

each

(Anna

summer

) that

cleared,

for food

weed

10 years
stunted,

growth

of exotic

proliferated

due to bottom

spawning

to reduce

catfish
numbers

and bass remains
good.
Three fishing piers have made
fishermen.
The lake is now encircled

the rough

predation,
along

aquatic

anoxic,

most

in 1982

plants.

fish

3) insufficient

being

purchased

because

curlyleaf

after

existing

was

nuisance

primarily

sediments

habitat

cutter-harvester
to harvest

following

became

2) insufficient

calva ) and flathead

as predators

the first

by lush

crispus

and 5) excellent

shoreline.
An Altosar
bowfin

provided

and the lake

invertebrates

during

and crappies

(Potamooeton

killed

benthic

excellent

but bluegills

of: i) excessive

been

a sport

and the handicapped.

of 1973

the lake and tributary
over 225,000
pounds

were

to create

Most ot the work was done by volunteers;
was purchased
by local contributors.

rough

vitreum

initiated

Resources,

The reclamation
prevent

was

4)

of the
and has

Northern

pike,

(Fvlodictis

olivaris

) have

been

of bluegills.

Fishing

for northern

pike

extensively

used

by walkers,

joggers,

crosscountry
skiers.
The physical
and biological
routinely

by Winona

State

the lake accessible
to hadicapped
by an asphalted
scenic
path that
bicyclists,

condition

University,

roller

of the lake

St. Mary's

College

skaters,
has been

is

and
monitored

and the Minnesota

Department
essential

of Natural
to prevent

Resources.

winter

the use-ful

lite

of the lake,

increasing

due

to storm

constructed
lake.

However,

organic

since

but that
input.

indefinitely-

even it a storm

Construction

o-f a storm

that

aeration

harvesting

storm
enough

in the early
interceptor

is

sewer

water

1950's
line

line

-from

nutrients

is

is prolonging

of eutrophication

An interceptor

dredged
sewer

show

weed

the rate

has accumulated

it was

data

and that

nutrient-charged

the lake

sludge)

kills,

sewer

to prevent

Their

should

entering
(in the

be

the
form

of

to last

is constructed.

•

expensive

at the present

constructed
with

below

fields

measure

sewer

nutrient-rich

the water

time

sludge

make

the lake

have

insufficient

its capacity

time

o-f sandpoint

at this

because
table,

wells.

appears
that

so deep
light

to store

interceptor

The

the entire

(at least

most

to grow,

has a high
16

to be prohibitively
line

necessitating

teet5

and 35 increase
oxygen.

lake

dredging

biochemical
that

would

expensive

-feasible

to be extensive

also

dissolved

seems

rooted

have

to be

dewatering

improvement
to: 15 remove
oxygen

aquatic

the volume

demand,
plants

2)
would

of the lake

and

GRAND
FORKS

FARGO

DULUTH

SUPERIOR

A

N)
ST. CLOUO

MINNEAPOLIS

ST

PAUL
^U CLAIBE

ZUMBRO

ROCHESTER

INA
LA

CROSSE

CITY OF
WINONA, MINNESOTA
MISSISSIPPI RIVER AND ENVIRONS
CPAINAGE AREA OF MISSISSIPPI PIVEP

WINONA . MINNESOTA

INFORMATION FROM U.S/ARMY , CORPS OF ENGINEERS . ST. PAUL DISTRICT

FIGURE 1

GEOLOGIC

CROSS-SECTION

OF

THE

WINONA

AREA

LOOKING UPSTREAM
WISCONSIN

'

• • • ~or-v v,\v"yyv,\y"~'^y"y"yv-V^y^y*y?-'x-v*'

PRECAMBRIAN GRANITE AND GNEISS

' - - ~ r v v - ~'

diate Winona area showing
s of sedimentary strata.
, Geology Department,

r-'~"---v v .

GLACIER

Fig. 2-3

Fig. 2-4

Areas glaciated during Wisconsin glaciation. Because
the glacier passed to the east and west of the Winona
area, Winona's rugged bluff land was left unscathed.

As glacial lobes retreated northward they blocked the
flow of their meltwaters to the north and east.
Glacial Lake Superior overflowed into the Mississippi
via the St. Croix River and Glacial Lake Agassiz over
flowed into the Mississippi via the Minnesota River
valley to form the Glacial River Warren.
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Fig. 2-5

Conceptual drawings of the Mississippi River valley
at Winona, Minnesota showing the geological history
of Lake Winona. a-Mississippi valley filled with
glacial sediment. b-Valley scoured by the Glacial
River Warren. Note the terraces which flank the river.
c-Valley refilled with sediment from tributaries sub
sequent to the Glacial River Warren episode. Note the
channel along the left (Minnesota) side of the valley.
d-Side channel segmented by alluvial fans of tributaries
to form Lake Winona and Boiler Lake. Drawings by
C. R. Fremling.
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Dredging of lower Lake Winona 1950-1953
courtesy of City Engineer, Winona.
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Fig. 3-10

Dredging of upper Lake Winona 1950-1953,
courtesy of City Engineer, Winona.
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V. Ri verb end Industrial Park Project
A. introduction
Because it is located on the Mississippi River floodplain, and
confined by flood levees and rugged bluff land, Winona is desperately short
of land for industrial expansion. The city needs industrial land to remain
economically healthy. The only area zoned for heavy industry with
significant area yet to be developed is Riverbend industrial Park located
east of Mankato Avenue between the lake outlet ditch and Highway 61-14
(Figure ). There are 124 acres available for development including 28
acres already sold to Badger Foundry for disposal of foundry sand.
Because the Badger Foundry site is not classified as wetland, no filling
permits are required there (Bob., is this correct?) The long range plan of
the city is to develop industrial land on the bluff tops which rise almost
600 feet above the city. However, it will be very expensive and energy
intensive to extend water and sewer lines to that elevation, industrial
expansion to the bluff tops would also detract from the beauty of the
scenic area and pose a pollution threat to ground water in an area
characterized by karst topography.
The City of Winona's master plan calls for the development of
Riverbend, and the Port Authority of Winona places high priority on its
filling and development. In recent years, both the City of Winona and the
Port Authority have supported applications to fill portions of Riverbend.
These permit applications were to: 1) fill 8 acres to construct Frontenac
drive, 2) fill 7 acres between Frontenac drive and the lake outlet ditch
for Rerik Trucking, 3) develop an incinerator site for Winona County, and 4)
fill 81 acres, including the incinerator site, in conjunction with the
dredging of Lake Winona.
Frontenac Drive is designed to divert truck traffic from Mankato
Avenue directly to the large industrial area in the east end of Winona. The
1988 traffic map at the Eighth Street-Mankato Avenue intersection shows
11,500 vehicles per day passing through a residential area. A grade school
is located at that intersection.
B. Construction
This proposed project would fill the site of Frontenac Drive and all
remaining lowlands within Riverbend (96 acres total) at one time, rather
than doing it piecemeal. The entire area would be filled to a depth of 8

c i

feet with sand dredged from the lake. Ninety acres would then be topped
with 3 feet of muck dredged from the lake. Fronteriac drive would not be
covered. The muck would dry to a depth of 1.5 feet. The project would
a1 so benefit Lake Winona, providirig a window of opportunity fordredging
that will never exist again, it would also defray part of the cost of
dredgi ng Lake Wi nona because Ri vertiend land wou1 d sell f or about $25,000
per acre when filled. The cost of the dredged sand fill would be about
$26,875 per acre. An additional cost of about $12,000 per acre for
streets and utilities would be borne by the city and is not reflected in the
selling price of the land. The cost of pumping muck to Riverbend would be
charged soley to the Lake Winona project, however, because it would not
benefit Riverbend. Prior to filling Riverbend, the existing trees would be
cleared at a cost of about $20,000.
The wetland within Riverbend is typified by plant species that are
indicators of wetlands, but they constitute a relic flora -which will
probably be replaced by upland species. As explained previously, the area
is kept relatively dry by the pumping station on the the lake outlet ditch.
Presently (Spring, 1990), the Riverbend site is being studied by two
faculty and two students from Winona State University. Studies include
detailed mapping, vegetation analysis, wildlife observations, and wetland
quality as determined by Habitat Evaluation Procedure (HEP) and Wetlands
EvaluationTechniques (WET).
C. Benefits of project
1. It will provide badly-needed industrial space and
employment.
2. it will concentrate industry in one place, away from
residential and scenic areas.
3. It will reduce truck traffic near a school and in
residential areas.
4. It will enable a doomed area to be filled in a planned
manner, rather than have it filled piecemeal.
5. it will provide the only possible disposal area for
sand dredged from Lake Winona.
6. it will provide temporary storage for muck dredged
from Lake Winona.
D. Detriments of the project
1. It will destroy
acres of Type
wetland.

VI. Lake Winona Dredging project
A.Introduction
Dredging would be confined to the east lake, which has a water
surface area of 215 acres; 163 acres are less than 15 feet deep and
consequently support dense growths of nuisance aquatic plants, primarily
curlyleafed pond weed (Potamogeton crispus). Based on limnological
studies done by Winona State University, the Lake Winona Committee has
recommended that large areas of the lake be deeped to 16 feet to control
weed growth, remove sediments that have a high biochemical oxygen
demand arid are rich in nutrients, and to increase the volume of the lake.
Because area residents hold the lake in such high regard as a recreational
and scenic resource, the Winona City Council has adopted the dredging of
Lake Winona as a goal.
The average depth of the east lake is 8 feet. About 49% of the east
lake is 5 feet or less in depth. About 7'3% is 10 feet or less in depth. Only
)0% is 15 or more feet deep. Lake sediments were sounded on May 28,
1986, revealing that the lake is underlain with 8 to 20 feet of "muck"
which is underlain with sand. The upper stratum of the muck layer
consists of a sapropel-copropel layer varying in depth from about 6 inches
in shallow areas to over 4 feet in deep areas. The lower muck strata are
composed mainly of silt deposited by floods of Gil more Creek. Muck is
not suitable for industrial fill, but sand is ideal.
B. Construction
The City Council accepted a feasibility report from Robert Boll ant
(Direc t or o f Public W ork s) on April 27, 1987 re c ornmending that Riv erb end
be filled by dredging sand from a 24-acre deep hole at the extreme east
end of the lake and then dredging 950,000 cubic yards of muck into the 24acre excavated hole. Approximately 80 acres of the lake could thus be
deeped from an 8-foot depth to a 16-foot depth. A containment boom (silt
curtain) would be constructed from the point by the hospital to a point
southerly of Hamilton Street to contain sediment during the muck dredging
operation. Robers Dredging Company of LaCrosse, Wisconsin has used
these containment curtains and found them effective.
The 80-acres to be deepened to a 16-foot depth would be along the
northerly shore which is the most heavily used area of the lake. (Is this

the right area??) Added to the 52 acres already greater than 15 feet
deep., this would make 132 acres of the lake deeper than 15 feet.
After the April 27, 1987 feasibility report was accepted by the City
Council, the Lake Winona Committee approached the Port Authority,
requesting that as much muck as possible be pumped out of the lake. The
Port Authority agreed to allow placement of 3 feet of muck atop the
dredged sand fill at Riverbend. When dry, the muck would shrink to a depth
of about 1.5 feet and could be recovered as top soil. Froritenac Drive
would not be covered, leaving 90 acres to receive 450,000 cubic yards of
muck. Cost of dredging are as follows:
Cost of dredging 1,280,000 cubic
yards of sand to Riverbend # $2.00
per cubic yard
$2,560,000
Cost of dredging 450,000 cubic
yards of silt-muck to Riverbend
@$2.00 per yard
$900,000
Cost of dredging 500,000 cubic yards
of silt-muck into 24-acre hole at
$ 1.20 per cubic yard
$600.000
$4,060,000
(Bob, Would the 24-acre hole then only be half as full as it
would have been according to the April 27, 1987 feasibility report?)
C. Benefits of the project
1. It would deepen
acres of the lake, thus inhibiting the
growth of nuisance aquatic weeds arid indirectly reducing
stunting of panfish.
2. It would increase the aesthetic appeal of the lake.
3. It would increase the volume of the lake, thus providing
addditional living space for fish and increased storage of
dissolved oxygen.
4. It would remove sediments that supply nutrients directly to
rooted aquatic rnacrophytes and indirectly to phytoplankton
via t h e w a t er c o1urnn.
5. it would remove sediments that have a high biological
oxygen demand (BOD), thus reducing the degree of hypoxia
at the mud-water interface and the consequent release of
phosphorus.

6. By reducing the BOD of sediments, it may make the lake
bottom habitable to benthic fish-food organisms.
7. It will probably make it unnecessary to run aerators, at
least for a number of years.
8. it will extend the useful life of the lake.
D. Detriments of the project
1. It will be expensive.
2. It will necessitate the expenditure of fossil fuels.
3. Suspension of high BOD sediments during dredging may
cause fish kills.
VII. Mitigation - Background information
On February 7, 1990, the final memorandum of agreement (MOA)
between the U.S. Army Corps of Engineers (USAGE) and the U.S.
Environmental Protection Agency (EPA) outling the procedures for
determining the type arid level of wetlands mitigation necessary to meet
the requirements of Section 404(b)(1) of the Clean Water Act became
effective (Sport Fishing Institute, 1990).
The final MO A, which changed some of the provisions of the original
November 15,
document, involved months of negotiations between
the USAGE, EPA arid the White House. The MO A is meant to provide internal
guidance to USAGE and EPA staff on how to implement existing Section
404 permit regulations. The MO A notice was published in the Federal
Register on February 15, 1990.
While the MO A has been described by the USAGE as being consistent
with President Bush's goal of no overall net loss of wetlands, it by design
apparently falls short of establishing such as national policy. The task of
developing recommendations on a national no net loss policy has been
delegated to the Domestic Policy Council's Inter-Agency Task Force on
Wetlands.
The following sections deal with the feasibility of mitigating for
loss of
acres of Type
wetlands if Riverbend is filled. We
understand that no mitigation would be necessary for dredging Lake
Winona.
VIII. Storm Sewer Diversion as a Mitigation Measure
A.Introduction
The previously discussed MO A probably would not include storm

sewer diversion as a mitigation measure for lost wetlands because the
rn e a sure w ou1 d no t create ne w w e11ands or re s t ore w e11ands w hic h h a v e
been degraded. Nevertheless, this measure has been suggested, it is
included here because considerable time and effort have been expended to
determine its feasibility.
it would obviously be desireable to intercept nutrient-charged
s t or rn w a t er w hic h e rit er s Lake Winona via its s t orrn s e w er s. Lake
Winona's weed problem is due largely to the lakes shallowness, but also
due to its highly eutrophic status, in addition to nutrients such as lawn
fertilizers, storm sewers also contribute tree leaves and grass clippings
that supply additional nutrients and have a high biochemical oxygen
demand, as well as debris, sand, silt, oil and potential toxins.
Unf ortunatey, sewer constructi on in Winona i s a very cornp 1 ex,
expensive process because: 1) the water table is so close to the surface
that most sewers are submerged, 2) the sandy soils are very porous
allowing rapid infiltration, 3) the gradient to the lake outlet ditch is so
slight that flow would be slowed, 4) the sewer interceptor would be
partially filled with water at all times, lessening its capacity to handle
storm surges, 5) building a sewer below the water table necessitates sand
- point well fields, manifolds and pumps to dewater construction sites,
and 6) it may be necessary to construct a lagoon to remove phosphorus
f r o rn the s t o rrn w a t er be f ore i t i s di s c h argedintotheri v e r.
B. Construction
The storm sewer diversion would consist of intercepting all the
storm sewers emptying into the east lake along the north shore arid
constructing an interceptor storm sewer along the north shore easterly
past Lake Winona to discharge into the lake outlet ditch east of Mankato
Avenue (Figure
). The pumping station located on the outlet ditch
would assure free fall of storm water into the ditch, even during flood
time.
The proposed interceptor is based on a five -year design, for which
the major part of the city is designed. This means, theoretically, that the
storm sewer interceptor line would be overloaded once every five years,
it is assumed that the overflow would flow directly into Lake Winona.

This periodic flushing may be especially detrimental because the flush
may contain nutrient-rich sediments accumulated during periods of low
precipitation.
The following cost estimate is for the east lake only. Running an
interceptor line along the north side of the west lake would at least
double the cost because of increased distance from the outlet ditch. We
conclude that the construction of a storm interceptor sewer line is not
economically feasible at this time.
INCLUDE BOB's cost table here (Table XX)
C. Benefits of the project
1. It would decrease loading of nutrients, high BOD detritus.,
debris, sediment, oil, animal feces, and potential toxins.
2. It would reduce the chances of chemical and oil spills into
the lake.
3. It would increase the effective life of the lake.
D. Detriments of the project
1. It would be prohibitively expensive.
2. Construction would cause temporary damage to parkland
and disruption of traffic.
3. It would cause the expenditure of fossil fuels and
norirene w able resources.
IX. Marsh Restoration as a Mitigation Measure
A. Introduction
This project proposes to restore two city-owned wetlands adjacent
to Lake Winona within the City of Winona (Figure ). West Marsh comprises
12.5-acres and is bounded by K-Mart Shopping Center, the Lake Winona
bike path, arid Trunk Highway 61. East Marsh comprises 18.9-acres and
runs eastward from Huff Street between the Lake Winona bike path and
Trunk Highway 61. Both area are presently overrun with the noxious exotic
weed, purple loosestrife (Lythrum salicaria). which must be controlled by
the city under Minnesota statute. The proposed restoration will: 1) lead to
the management of the purple loosestrife now dominating the areas, 2)
provide improved habitat for native wetland biota, 3) impound stormwater
runoff to reduce nutrient loading into the lake, and 4) establish the
wetlands as areas for environmental interpretation and education. The
project will be a cooperative effort involving Winona State University

faculty (pre-restoration planning, environmental studies, interpretive
planning) and WSU students (environmental studies, class projects), the
City of Winona (engineering, construction), the Lake Winona Committee
(overlook construction), and area citizens (revegetation, volunteer
efforts). Visitor access to the restored areas will be provided by
connecting access points to an extensively used, asphalted, multiple-use
path that presently encircle the lake. Public access will be improved.
Revegetation with a variety of native wetland plants differing in texture,
height, and color will relieve the present single-species monotony and
enhance the wetlands' aesthetic appeal for visi tores. The greater and
more typical diversity also will make the wetland a model wetland for
local primary and secondary schools. Irregular contours of shorelines and
islands will aesthetically improve the appearance of the areas which are
presently dissected with straight ditches and dikes.
The proposed restorations have been discussed with personnel of the
Wisconsin Departrnent of Transportation and the Wisconsin departrnerit of
Natural Resources who were involved directly with the restoration of
degraded wetlands within the City of Madison and linked to the Yahara
River as mitigation for highway construction. Additional discussions of
the proposed project have involved personnel from a variety of
organizations and agencies that are involved in wetlands assessment,
management, and restoration, including the Minnesota Department of
Natural Resources, US ACE Waterways Experiment Station (Vicksburg, MS),
USACE (St. Paul District), USFWS Upper Mississippi River National Fish arid
Wildlife Refuge (Winona), USFWS Montezuma National Wildlife Refuge
(Seneca Falls, NV), USFWS Trempealeau National Wildlife Refuge
(Trempealeau, Wl), and biologists from St. Mary's College (Winona, MN).
The project will use the intensively studied Weaver Bottoms of the
Mississippi River and Trempealeau National Wildlife Refuge as reference
wetlands. The Weaver Bottoms Rehabilitation Project has been very
successful, receiving the 1989 Chief of Engineers Award of Excellence,
the USACE's highest award for projects worldwide. It was also selected
as the top project in the Environmental category; in the 20-year history of
the awards program it was the first project from that category to win the
top award. In 1988, this project also received the environmental

engineering grand prize from the Minnesota Consulting Engineers Council
o f Minne s o t a. T he p rim ary res e areh w ork f or the W eaverBottorn s
Reclamation Project was done in 1975-1978 by Winona State University
and St. Mary's College personnel under contract with the USAGE and the
USFWS.
Prior to restoration, the two areas "will be assessed to determine: 1)
the nature of the existing physical habitat, 2) the present dominance of
loosestrife, 3) the use of loosestrife-dominated areas by wildlife, and 4)
the current status and distribution of native wetland plants and animals.
Recent high-altitude infrared and true-color stereoscopic photos from the
USF W S L ong-T errn Resoure e s Monit oring (LT R M 5 Pr o gr a rn w ill be used to
make detailed base maps and to plot plant distribution. Ground truthing
will ensure the accuracy of plant distribution maps. Preliminary surveys
of habitats, water chemistry, plants, and animals are presently underway,
but thorough inventories are needed to adequately document the state of
the present wetlands and their plant and animal residents.
Post-restoration monitoring and inventory will be done intensively
during the first two years subsequent to restoration. Water chemistry and
changing plant and animal communities will be monitored and compared
statistically and/or photographically with those in reference wetlands
(Weaver Bottoms and Trempealeau National Wildlife Refuge). Highaltitude infrared and true-color photographs from LTRM also will be used
to assess vegetational changes in the restored areas. Because of the
wetlands" proximity to Winona State University, long term observationswill be routinely done as field work in limnology, ecology, and entomology
classes. Theswe data will be valuable to thoose conducting similar
restoration projects
B. Restoration of West Marsh
West Marsh consists of 4.3 acres dedicated to the city as wetlands
in conjunction with K-Mart development and 8.2 acres owned outright by
the city. Existing ground elevation is 12-18 inches above normal water
level. Presently,
acres of the marsh are open water. The plan calls for
excavating the marsh (with dragline) to an average elevation of 2 (3 is
preferable) feet below normal water level to an elevation of 644.5 feet

above sea level. It will be difficult to pile the excavated material
greater than 4-5 feet high due to its soupy characteristics. The
excavation will create 6.7 acres of open water which will be planted with
native aquatic plants. Newly created burms will be planted with native
floodplain trees and shrubs; especially those that have wildlife value. The
cost of excavation 32,400 cubic yards of material @ $2.00 per cubic yards
is $64,800. The restored marsh will be connected to Lake Winona by an 18inch(?) culvert which is presently in place. The culvert's present grating
will be retained to prevent carp access to the marsh. We plan to lower the
level of Lake Winona one foot prior to construction to partially dewater
the soil and make it easier to excavate arid pile.
C. Restoration of East Marsh
. During times of normal lake level there is no open water in East
Marsh. The plan calls for excavating 11.4 acres to an average depth of
2(3?) feet below normal water level to an elevation of 644.5. Excavated
material will be piled around the perimeter of the site and also within the
site as needed, creating islands. An (
footX
foot) area east of and
adjacent to Huff Street will be filled with excavated material and
reserved for a hangglider landing area. The restored marsh will have no
connection with the lake. The burrn upon which the bike path is built will
act as a dike allowing water elevation ir? the restored marsh to be raised
one foot by runnoff and input of storm sewers. The one-foot rise will be
made possible by installing a sill in each of the three culverts which
presently drain the area. The marsh will be replanted with native aquatic
plants. Burms and islands will be planted with trees arid shrubs as in the
K-Mart area. The cost of excavation will be about $96,171.
D. Development of Environmental Interpretation/Education
Materials and Curricula
In the continental United States, more than half of the original
wetlands have been destroyed. The situation is most severe in and around
urban areas where few wetlands have gone undrained or undeveloped.
However, their potential for environmental interpretation and education
makes urban wetlands some of the most essential in the nation.
Urban wetlands are important because they are accessible to large
numbers of people on a regular basis. According to Ralph Rogers, U.S.

Environmental Protection Agency wetland specialist for the state of
Oregon, "Wetlands exist out of the city, but the most convenient way for
most people to learn about them is in the city." By the year 2000,
projections indicate that 90% of all Americans will live in urban areas.
The great majority of Americans likely will learn and care about wetlands
only through trips made to urban wetlands.
Cities across the U.S. have begun restoring, protecting, and
preserving their urban wetlands. These wetlands provide valuable habitat
for a wide range of plants and animals, including threatened or endangered
species. Some cities now use wetlands to cleanse stormwater runoff and
sewage effluent. By incorporating hiking trails, picnic areas, interpretive
programs, and educational activities into their management plans, cities
have been able to cultivate public understanding and support for wetlands
conservation.
The proposed projects will serve vital interpretive/educational and
research functions because of their proximity to Winona State University
and St. Mary's College. Their interpretive and educational mission will be
enhanced by their location within the City of Winona and their proximity
to area schools, Highway 61, the multiple-use path and adjacent
parklands, and the City's planned Upper Mississippi River interpretive
Center.
The restored wetlands will be used to educate the public on the
importance of wetlands and the degradation of area wetlands by
loosestrife. Visitor/user potential and interpretive and environmental
education needs of the two restored areas will be assessed; an overlook
and interpretive signage will be constructed at one of the sites. Wetland
exhibits will be erected in the adjacent Tourist Information Center.
Wetlands educational activities/tours/traveling displays will be
developed. Post-restoration visitor use and interpretive plan
effectiveness will be evaluated.
During and after restoration, the two wetlands will provide an
opportunity for wetlands environmental interpretation and education in an
urban environment. Public interpretive efforts will be maximized by
bringing wetlands awareness to the large population presently using the
adjacent multiple-use path. The close proximity of the wetlands to

Winona State University, St. Mary's College, and local high, middle, and
elementary schools will provide for student environmental education and
research opportunities. Media contact with the public during restoration,
informational materials for visitors during and after restoration, and
evaluation and modification of interpretive/educational programs will
help generate public understanding arid support for wetlands conservation.
E. Purple Loosestrife Management
Purple loosestrife has degraded wetland habitats throughout the
eastern United States, often forming monotypic stands across entire
wetlands. It out-competes most native wetland plants, reduces plant
diversity, and results in a loss of animals that depend on native plants for
food and cover.
Minnesota is the first state to develop a comprehensive program to
control the spread of loosestrife. Mechanical and chemical control
methods currently are in use to control the weed in many localities, and
biological control is a future hope. However, dense stands of loosestrife,
such as those dominating the proposed restoration sites, do not respond to
typical control measures. The propose project would: 1) excavate areas to
increase water depths to inhibit loosestrife, 2) minimize shallow water
zones where loosestrife could become established, 3) revegetate wetland
areas with cattail, lotus, pickerel weed, lily, arrowhead, and wild rice,
a n d 4) re ve ge t a t e up1 a n d a re a s w i t h ree d c ana ry gra s s, ri v er birc h,
speckledalder, si v er map1e, green ash, r e d o sier do g w o o d, will o w, s w a rnp
white oak, button brush, and false indigo. We recognize that reed canary
grass is an exotic, but it may be the only grass that forms dense enough
stands to compete with loosestrife on disturbed soil. Reed canary grass
also furnishes good waterfowl nesting cover, especially if it is
interspersed with shrubs. Dense shade created by trees and shrubs on
is1 ands and burrns will irihibite loosestrifre on drier soi 1.
Open water areas could be increased in size by removing sediment
from the site. However, the sediment serves as a seed bank, perhaps
containing 21,000 viable seeds per square meter (Klips, 1990). Therefore*
it will be retained on site, being used to bury existing stands of
loosestrife, and to create islands and buffer zones. Discussions with
loosestrife control experts (reference?) at USFWS Montezuma National

Wildlife Refuge (Seneca Falls, NY) indicate that these methods will
provide the most effective means for suppression and control of
loosestrife in the areas to be restored.
F. Benefits of the project
1. It would create high quality wetlands, replacing
poor quality wetlands dominated by purple loosestrife.
2. It would increase habitat diversity, thereby enhancing
wildlife populations.
3. It may develop new methods for managing loosestrife.
4. It would create wetlands in an urban environment, bringing
wetlands to the people.
5. it would enhance the beauty, natural environment, arid
serenity of the multiple-use path running adjacent
to the wetlands.
6. it would result in removal of nutrients from storm water.
7. It would beautify an area now blighted with rnonotypic
stands of loosestrife.
8. It would create habitat for amphibian reproduction in an
area where such habitat is scarce.
9. It would enhance the education of students and the public
about the value of wetlands.
10. It will create a living laboratory for university
researchers.
1 1. It will provide hands-on experience for children and
adults who volunteer to assist in the restoration.
G. Detriments of the project
1. It will be expensive.
2. It will necessitate the expenditure
of fossil fuels.
3. It will require an intensive public education effort to allay
fears of increased mosquito production, and to convince
the general public that marshes are desireable.
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A PLAN FOR INDUSTRIAL PARK CREATION, LAKE IMPROVEMENT, AND MARSH
RESTORATION AT WINONA, MINNESOTA

Calvin R. Fremling, Professor of Biology, Winona State University
Robert J. Boll ant, Director of Public Works, City of Winona
Neil D. Mundahl, Assistant Professor of Biology, Winona State University
I. Introduction
This document provides information pertinent to: 1) creating an
industrial park within Winona's flood dikes by filling a low-quality
wetland (type?) with dredged material, 2) deepening the east basin of
Lake Winona by dredging, thus improving the shallow, eutrophic lake and
providing the necessary fill for the industrial park, and 3) mitigating the
loss of wetland within the industrial park by restoring low-quality
wetlands (type?) adjacent to Lake Winona to high-quality wetlands
(type?).
II. Natural setting
The following information is extracted from Fremling and Heiris
(1986), Fremling, et al. (1989) and Wright (1989). Winona is located in
southeastern Minnesota in what is commonly called the Driftless Section
of the Centra] Lowland Province West of the Mississippi River (Figure 1).
The Driftless Section includes most of southwestern Wisconsin, parts of
southeastern Minnesota, and northeastern Iowa. It has been called
"driftless" because for years no evidence of glaciation, such as glacial
drift, could be found in the section. Recent investigations, however, have
found erratics and alluvium believed to be of glacial origin. Thus, it now
appears that the section was glaciated, at least very early during the ice
age.
The floor of the valley at Winona lies as much as 600 feet below the
flat agricultural upland surface (Figure 2). It is important to realize that
Winona is not surrounded by hills. Rather, Winona lies at the bottom of a
deep trench cut through the typical, flat midwest topography that makes
up the top of the surrounding plateau.

Most bedrock in the Drift]ess Section is mantled by variable
thicknesses of unconsolidated river, wind, swamp or lake sediment
deposited within the recent geologic past. In the Winona vicinity,
however, erosion by the Mississippi River arid its many tributaries has
exposed bedrock that is easily seen in the many river valleys and bluffs.
Paleozoic rocks overlie Precambrian rocks throughout the Driftless
Section (Figure 2). The Paleozoic rocks are relatively flat-lying
sandstones, dolomites and shales that have a combined thickness in
excess of 1,000 feet in some parts of the area. The rocks were formed
from sediment deposited by successive marine inundations occurring
during the Cambrian, Ordovician and Devonian Periods (between
400,000,000 and 600,000,000 years ago). The sediments were latercompacted arid cemented, forming sedimentary rocks.
The Mississippi River began its evolution about 500,000 years ago
as an ice-marginal stream, incising its valley into the soft sedimentary
rocks as it flowed along the edge of the Nebraskan glacier. The
development of the master stream caused a complex drainage network of
tributary streams to develop. The major period of valley downcutting,
however, was very recent, occurring within the past 20,000 years.
The last of the Wisconsin glacial episodes climaxed about 14,000
years ago (Figures 3,4 ). Southeastern Minnesota was scarcely touched as
a glacial lobe advanced from the northwest, passed west of Rochester arid
extended southward as far as Des Moines, Iowa. About 12,000 years ago,
the lobe melted back into the Red River Valley and blocked its own
drainage route towards Hudson Bay via the Red River. Because of this
damming action, melt water was ponded in front of the retreating glacier,
forming Glacial Lake Agassiz, which covered much of northwestern
Minnesota and parts of North Dakota, Ontario and Manitoba. For about
3,000 years, Glacial Lake Agassiz spilled over its southern rim and poured
down the Minnesota River Valley, forming a large river called the Glacial
River W arr en. T he Riv er W arr e n w as many t irne s largerthan the present
Minnesota River, but carried little sediment. The Glacial St. Croix Riveradded sediment-free overflow from Glacial Lake Superior, rendering the
sediment-hungry Mississippi River capable of carrying all the sediment
added to it by tributary streams, with still enough erosive ability to
deepen the Mississippi channel by as much as 300 feet.

As the most recent glacier retreated into Canada about 9500 years
ago, its melt waters were once again able to drain to the north via the Red
River, and the River Warren lost the supply of sediment-free water
formerly contained in Glacial Lake Agassiz. Glacial ice also melted in
eastern North America, enabling the Great Lakes to drain freely through
the St. Lawrence River into the Atlantic Ocean. Consequently, the level of
Lake Superior dropped until it no longer overflowed into the Mississippi
via the St. Croix River. At this time, about 9,000 years ago, the modern
Mississippi River came into being (Figure 5).
Because the volume of flow of the Mississippi was reduced by loss
of glacial melt waters, and because its gradient was so gradual, the river
lost its ability to transport the sediment load carried in by its steepgradient tributary streams. As a result, the valley slowly filled with
sediment to its present elevation. Tributary rivers (especially the
Chippewa) overloaded the Mississippi with sediment, causing it to change
from a single channel to a braided river consisting of many small ,
intertwined channels. The City of Winona lies atop a large sand bar which
formed between two such channels. Even though the city lies in an area
not recently glaciated, it owes its location to the glacial till which
washed into the Mississippi from tributary streams
Within the last several thousand years, erosion from the surrounding
highlands has resulted in formation of alluvial deltas at each point where
a tributary stream carries sediment into the Mississippi River valley.
Thus, an old channel of the Mississippi, which ran between Winona and the
Minnesota bluffs, was cut off from the rest of the river by deposition
from Garvin Brook (Figure 5c) on its upstream end and by deposition from
Burns Valley Creek on its downstream end. Gil more Creek added much of
its own sediment at about midpoint, dividing the long, isolated channel
into two lakes, known today as Boiler Lake and Lake Winona.
During the early settlement period in the 1850's, Lake Winona was a
marshy lake that connected to the river at its downstream end during
flood time. As late as 1852, steamboats passed through the proposed
industrial park and Lake Winona on their way up Crooked Slough during
flood time. Because of severe soil erosion during the late 1800's, the
alluvial deltas of the various creeks increased in size, further

separating Lake Winona from the river. The raising of Mankato Avenue and
subsequent dike construction finally isolated Lake Winona from the river
during all river levels.
The soils of the floodplain are alluvial, varying in texture from silty
clay to sand. The composition of the soil depends upon the manner in
which the soil was deposited. The strata are composed of clay, silt, sand
and gravel and are very irregular. Stream banks plainly show the varying
thicknesses of the different materials and in many places the lack of
continuity of the sand arid gravel layers above low water level. Sand and
gravel strips border most sloughs, but some of the larger, more elevated
areas between the sloughs are covered with heavy silty loam which is
underlain with sand or gravel. Prior to impoundment by navigation darns
during the 1930's, these silty tracts were usually managed for hay
(Fremling, 1974).
III. History of Project Area (1851-1970).
Captain Orrin Smith, owner of the steamboat "Nominee" is
acknowledged as the founder of the first settlement at Winona in 1351.
In spite of a history of flooding, Winona was settled rapidly because of its
easy access by steamboat. By 1870, Winona's population was 7,000 and by
1890 it had swelled to 20,000. In addition to being a shipping point for
small grains and other commodities, Winona rapidly became the world's
greatest sawmill center. White pine and Norway pine logs were sent
downstream from the pineries of northwestern Wisconsin via the
Chippewa and St. Croix Rivers to the Mississippi, and then rafted
downstream to the mills at Winona. The first sawmill opened in Winona in
1855; by 1892 the nation's four largest mills were producing 150 million
board feet of lumber, 90 million shingles, and were employing 2,000 men.
River traffic and the lumber industry both reached their peak in 1892
when 5,468 steamboats passed through Winona. The pineries were soon
exhausted, however; the last raft of Wisconsin timber passed Winona in
1915.
Excellent railroad connections have been available to Winonans since
the late 1800's when the city became the meeting place for five railroads.
The corning of the railroads, however, spelled the death knell for most of
the shallow draft steamboats. By 1920, steamboats were scarce on the

river. It was not until the development of the 9-foot navigation channel in
the 1930's that towboats began to compete once more with railroads as
haulers of bulk commodities. Because of its access by modern deiselpowered towboats, Winona has becorne a rnajor terrnina1 for grain,
especially corn and soybeans.
A. Riverbend Industrial Park
Because it developed as an early steamboat port and sawmill center,
Winona lies almost entirely wihin the floodplain of the Mississippi River.
Flooding has always been a threat to the city, but never was the threat of
a major disaster as great as it was during the record flood of April, 1965.
A 10.4-rnile-long temporary dike (levee), which was erected hastily
during the flood, saved the city. Subsequent to the flood, the portion of
the dike from Minnesota City to the interstate bridge was replaced by a
permanent dike authorized by the 1958 Flood Control Act (Stage I Project,
completed in 1969) (Figure 6). Vet, Winona still relied upon 4.3 miles of
temporary dike that extended downstream from the interstate bridge. The
temporary dike was expensive to maintain and aesthetically displeasing
because it ran the length of Levee Park. More important, the temporary
dike was unreliable because portions of it were constructed upon porous
materials such as sawdust deposits left from Winona's early sawmill
days.
in 1974, Fremling et al. prepared an "Environmental impact
Assessment Report on the Flood Control Project and Waterfront
Development at Winona, Minnesota" for the U.S. Army Corps of Engineers in
accordance with the National Environmental Policy Act of 1969. The
assessment treated 1 1 river-oriented projects (including Riverbend
Industrial Park), but placed most emphasis on the environmental impact of
the Stage II Flood Control Project proposed for the City of Winona. The
proposed Stage II Dike was designed to complement the section of
permanent dike completed in 1969, resulting in complete flood protection
for the city. The 1974 assessment provided the basis for the "Final
Environmental Impact Statement, Flood Control Project and Waterfront
Development, Winona, Minnesota" (U.S. Army Corps of Engineers, St. Paul
District, 1976). Most of the following information is extracted form the
1974 assessment and the 1976 statement.

The Stage ii Project for flood damage reduction on the Mississippi
River at Winona, Minnesota, described in House Document No. 92-152, 92d
Congress, 1st Session was authorized under Section 201 of the Flood
Control Act of 1965. The proposed flood control project was designed to
provide protection for the City of Winona against a Mississippi River flood
having an expected frequency of occurrence of about once in every 300
years.
Following the record flood of 1965, city representatives requested
that the authorized dike be extended to provide flood protection for the
enti re Wi nona ri verfront, which was heavily damaged by 1965 flood f 1 ows.
At a public hearing held on September 9, 1965, in connection with the
existing authorized project, local interests again expressed concern over
the remaining flood hazards facing the community and requested that the
authorized dike be extended downstream to high ground below Lake Winona
to protect the industrial and commercial complex along the riverfront
(Figure 7). Such a plan, they stated, would also remove the flood threat
from a large area of unused land land eastward of Lake Winona and would
provide growth opportunities for the city. This extension below Lake
Winona would replace the authorized alignment just below the existing
Lake Winona outlet structure. During the flood of 1965, virtually all of
the proposed Riverbend industrial Park was under water (Figure 8). The
large floods of 1967 arid 1969 further aroused the community in their
desire for additional flood control.
The 1976 Environmental Impact Statement stated, in various
sections, that "Much of the 1990 future land use plans for Winona are
based on attracting industry to the city. One of the cornerstones of those
plans involves the creation of Riverbend Industrial Park. The two-fold
purpose of the park is to riot only attract new industry but to concentrate
existing industry within a controlled area. Completion of the River Bend
industrial Park, Phase il would provide employment, increase the tax base
for the city, and result in increased industrial volume throughout the city,
it would provide an incentive for industry to move from the city to a
planned, regulated area which is not residential. The area considered

would be protected by the proposed flood control project." it further
stated that" Much of the proposed development of industry in Winona is
predicated upon the construction and development of Riverberid Industrial
Park. Presently, that area consists of marginal river lands. Its
development will increase the tax base in Winona and increase land values
in the area, if Winona is to attain a population by 1990 such as that
proposed in the Land Use Plan, the Riverberid Industrial Park, or some
equivalent area will be needed for industrial development in order to
provide the necessary jobs to attract new residents. Concentration of
industry in Riverberid Industrial Park would help reduce all types of
pollution within the business and residential sections of th the city (e.g.
truck traffic, noise, odor, etc.). If it is desirable for the city to continueto grow industrially, it is better to have industries move into pre-planned
parks which will not aesthetically degrade the scenic Winona environment
than it is for them to move into the surrounding valleys or for them to
continue the unnecessary monopolization of the waterfront. It also seems
more sensible to construct a permanent dike and to locate industries
within it than it does to build the industries and then construct protective
dikes as an after thought."
0n Ma rc h 6, 1975, the W inona Port A uthori t y applied!" or a C orp s o f
Engineers permit to dredge 731,000 cubic yards of sand in order to
construct a 36-barge fleeting area arid cleariout facility on the right bank
of the Mississippi River at River Mile 722.5. The dredged material would
be used as fill for Riverberid Industrial Park Phase II (Figure 8). On
October 25, 1975, the permit applicant submitted a revised plan, reducing
the proposed project in size to handle only 24 barges, but the quantity of
dredged material would remain the same. The Riverbend project called for
the filling of an 800-foot x 3,400-foot area of Riverbend Industrial Park
to an elevation of 656.5 with sand dredged from the proposed fleeting
area. The fill which would be pumped from the fleeting area into
Riverbend would reduce the cost of both building sites because costs could
be written off on two projects.
The city's existing floodplain regulation (adopted in 1974) required
that the minimum elevation of the lowest structure within Riverberid

must be at least 659.0 elevation or at least one foot above the 100-year
frequency of flood. Because of the high cost involved in filling Riverbend
to this elevation, the city opted to pay their required share of the
additional cost for protecting Riverbend with the revised Stage I! dike
system. City officials felt that after the dike was completed, affording
complete flood protection for Riverbend, regulations would probably be
modified to permit construction at a lower elevation.
An integral part of the Stage Ii dike was a pumping station which
would lower the level of Lake Winona during flood time. Since Lake
Winona acts as sump for the city, lowering the lake also lowers the watertable beneath the city so that basements are not flooded by the seepage of
groundwater. The pumping station was to be placed in County Ditch No. 4
at a point 0.8 miles east of the temporary pumping station at Marikato
Avenue (the outlet of Lake Winona). As a result, the water level in County
Ditch No. 4 would always be kept lower than the level of Lake Winona (and
also below the level of Riverbend Industrial Park).
The portion of the Stage II dike running from Peerless Chain
Company to Highway 61 was to have been constructed upon or next to the
old Chicago and Great Western Railroad bed (Figure 7). The dike would
have destroyed a strip of marsh and upland vegetation somewhat wider
than the dike. It also would have enclosed (and thus endangered) 40.6
acres of Type i and I! wetlands just north of Highway 61. As a result of
comments on the Draft Environmental Impact Statement made by the U.S.
Department of the Interior and the Minnesota Department of Natural
Resources, the alignment of the dike was modified to exclude these
wetlands from the protected area (Figure 6). The new alignment of the
dike saved the wetlands, but resulted in a commensurate loss of 40.6
acres of potential industrial development land within Riverbend. The
original proposal was to have a roadway (Bundy Boulevard) utilizing the
top of the dike as a connecting link between Highway 61 and Riverbend.
Because of the new alignment, the city had to pursue other alternatives
for connecting Highway 61 to Riverbend. The alignment of Burns Valley
Creek also was changed so that it would be channelized from the sharp
bend located 986 yards upstream of the Highway 61 bridge down to a point
located 176 yards downstream from the bridge.

Plans for the previously mentioned 24-bsrge fleeting area near
Peerless Chain Company and an alternate mid-channel, 100-harge fleeting
area at River Mile 723 were abandoned, primarily because they were too
remote (about 7-mile round trip to the grain terminal in Crooked Slough),
but a1 s o f or a v arie t y o f e nv ironm en t a1 c onc erns.
In the spring of 1974, the Riverbend area designated to receive fill
from the 24-barge fleeting area was cleared of trees (Figure 9). Saleable
logs were removed, and all slash was burned during the summer of 1974.
A contract for stump removal was let during the fall of 1974.
Examination of stumps and suckers showed that, prior to clearing, the
area contained mature American elm, silver maple, and sandbar willow
(insert Latin names). A small, isolated acreage of wetland existed in the
Phase li portion of the industrial park (Figure 7). It was subject to
periodic flooding by spring runoff and by seepage of ground water.
In a letter dated March 31, 1976, from the U.S. Environmental
Protection Agency, the District Engineer was advised that the filling of
Riverbend Phase II would not require mitigative measures in view of the
modification of the proposed dike alignment around the industrial park.
The letter also stated that the EPA remained opposed to the construction
of the 24-barge fleeting area because of the existence of other viable
alternatives. Riverbend Phase II was one of the sites that was being
considered for disposal of dredge materials resulting from Mississippi
River channel maintenance. The city also was advised that if the Phase II
Riverbend project was to be constructed, a permit in accordance with
Section 404 of the Federal Water Pollution Control Act Amendments of
1972 would be required.
6. Lake Winona (1860-present)
The following is a summary of the complex modern history of Lake
Winona and the efforts to restore it as a multiple use resource. For
detailed limnological information, historical records, maps, etc., the
reader is referred to "A Lake Winona Compendium" (Fremling and Heins,
1986) appended to this document.
Lake Winona, a 319-acre floodplain lake which lies within the City
of Winona in southeastern Minnesota, is highly eutrophic because it
receives nutrient-rich urban runoff from storm sewers of Winona and

Goodvtew (Figures 10,11). The lake is flanked by State Highway 61 and is
the first Minnesota lake that many tourists see.

Because of soil erosion problems and the consequent transporting of
agricultural soil into Lake Winona during floods of Gil more Creek., Lake
Winona has been dredged several times. The first dredging occurred in
1913; dredged material was used to construct Lake Park, Maxwell Field
and the Huff Street causeway. In the 1930's the City of Winona purchased
a dredge arid used it to fill lowlands east of Franklin Street. The project
was suspended during World War II, but was resumed in 1950 and 1953,
when the entire lake was dredged because it had again filled with soil
(Figure 12). This dredging deepened the lake to an average depth of 8 feet
at a cost of $485,900, provided most of the land upon which the hospital
arid high school were built, and destroyed the extensive wetlands which
originally surrounded the lake. Deep holes along the northern perimeter of
the lake were formed mainly by removal of sand for the construction of
Highway 61. The maximum depth of the lake immediately after the
dredging was 44 feet. The lake was dredged again in 1957-1958, on a
srnall scale, to irnprove the 1 ake f or swi rnrni ng.
The fate of Lake Winona has been associated intimately with Gil more
Creek, and the creek has been rerouted several times since 1885. Because
it has such a large watershed (area?), Gil more Creek is especially prone to
flooding. At its maximum flow on July 21, 1951, Gilmore Creek carried
5,360 cfs (Upper Mississippi River Comprehensive Basin Study Committee,
1970). The Mississippi River at Winona, by comparison, at its minimum
flow on December 29, 1933, contained only 2,250 cfs. Many engineering
projects (channelization, diversions, dams and dikes) have been employed
to prevent Gil more Creek flood waters and their sediments from damaging
the city and Lake Winona. Since 1944, Lake Winona has flowed into a flood
reservoir (Boiler Lake) before entering Lake Winona (Figure 13). This
diversion has prevented further si Ration of the lake.
Winona's flood dike now isolates Lake Winona from the Mississippi
River. Lake Winona receives no water directly from the river, but its level
rises and falls with river level because the sand bar separating the lake
from the river is very porous. A pumping station on the lake's outlet ditch
maintains the lake level during flood time.
Severe winter kills in 1965 arid 1969 allowed stunted buffalofish
(Ictiobus cyprinel 1us). carp (Cuprinus carpio). bullheads ( ictalurus melas).

arid gizzard shad (Dorosorna cep8d1 anum) to dominate the lake until 1973,

when a reclamation project was initiated to create a sport fishery,
mainly for children, the elderly and the handicapped. A non-profit
corporation (the Lake Winona Committee) raised funds, installed
equipment, arid coordinated the cooperative efforts of the Minnesota
Department of Natural Resources, the City of Winona and Winona State
University. Most of the work was done by volunteers; virtually all
equipment was purchased by local contributors.
The reclamation of 1973 included: 1) installation of aeration
systems to prevent winter kills, 2) installation of an electric weir to
prevent rough fish from entering the lake from the river, 3) treatment of
the lake and tributary waters with rotenone to kill all fish, 4) cleanup of
over 225,000 pounds of dead fish (730 lbs/acre), and 5) restocking with
bluegills (Lepomis rnacrochirus). largemouth bass (Micropterus
salmoides). small mouth bass (Micropterus dolomieui). northern pike (ESQ:*:
lucius), muskellunge (Esox masquinongu) and walleyes (Stizostedion
vitreurn).
Fishing was excellent during the first 10 years following
restoration, but bluegills and crappies became stunted, primarily because
of: 1) excessive cover provided by lush growth of exotic curlyleaf
pondweed (Potamogeton crispus) that proliferated after the rough fish
were killed and the lake cleared, 2) insufficient predation, 3) insufficient
benthic invertebrates for food due to bottom sediments being anoxic, 4)
crowding, and 5) excellent spawning habitat existing along most of the
shoreline.
An Altosar weed cutter-harvester was purchased in 1982 and has
been used each summer to harvest nuisance aquatic plants. Northern pike,
bowfin (Amia calva) arid flathead catfish (Pulodictis olivahs) have been
stocked as predators to reduce numbers of bluegills. Fishing for northern
pike and bass remains good.
Three fishing piers have made the lake accessible to hadicapped
fishermen. The lake is now encircled by an asphalted scenic path that is
used extensively by walkers, joggers, bicyclists, roller skaters, and
crosscountry skiers.

The physical and biological condition of the lake has been monitored
routinely by Winona State University, St. Mary's College and the Minnesota
Department of Natural Resources. Their data show that aeration is
essential to prevent winter kills, and that weed harvesting is prolonging
the useful life of the lake, but that the rate of eutrophication is
increasing due to storm sewer input. An interceptor sewer line should be
constructed to prevent nutrient-charged storm water from entering the
lake. However, the lake has accumulated enough nutrients (in the form of
organic sludge) since it was dredged in the early 1950's to last
indefinitely, even if a storm sewer interceptor line is constructed.
Construction of a storm sewer interceptor seems to be prohibitively
expensive at the present time because the entire line would have to be
constructed below the water table, necessitating expensive dewatering
with fields of saridpoint wells. The most feasible lake improvement
measure at this time appears to be extensive dredging to: 1) remove
nutrient-rich sludge that also has a high biochemical oxygen demand, 2)
make the lake so deep (at least 16 feet) that rooted aquatic plants would
have insufficient light to grow, and 3) increase the volume of the lake and
its capacity to store dissolved oxygen.
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A PLAN FOR INDUSTRIAL PARK CREATION, LAKE IMPROVEMENT, AND MARSH
RESTORATION AT WINONA, MINNESOTA

Calvin R. Fremling, Professor of Biology, Winona State University
Robert J. Bollant., Director of Public Works, City of Winona
Neil D. Mundahl, Assistant Professor of Biology, Winona State University
I. Introduction
This document provides information pertinent to: 1) creating an
industrial park within Winona's flood dikes by filling a low-quality
wetland (type?) with dredged material, 2) deepening the east basin of
Lake Winona by dredging, thus improving the shallow, eutrophic lake and
providing the necessary fill for the industrial park, and 3) mitigating the
loss of wetland within the industrial park by restoring low-quality
wetlands (type?) adjacent to Lake Winona to high-quality wetlands 1
(type?).
II. Natural setting
The following information is extracted from Fremling and Heins
(1986), Fremling, et al. (1989) and Wright (1989). Winona is located in
southeastern Minnesota in what is commonly called the Driftless Section
of the Central Lowland Province West of the Mississippi River (Figure 1).
The Driftless Section includes most of southwestern Wisconsin, parts of
southeastern Minnesota, arid northeastern Iowa. It has been called
"driftless" because for years no evidence of glaciation, such as glacial
drift, could be found in the section. Recent investigations, however, have
found erratics and alluvium believed to be of glacial origin. Thus, it now
appears that the section was glaciated, at least very early during the ice
age.
The floor of the valley at Winona lies as much as 600 feet below the
flat agricultural upland surface (Figure 2). It is important to realize that
Winona is not surrounded by hills. Rather, Winona lies at the bottom of a
deep trench cut through the typical, flat midwest topography that makes
up the top of the surrounding plateau.

Most bedrock in the Driftless Section is mantled by variable
thicknesses of unconsolidated river, wind, swamp or lake sediment
deposited within the recent geologic past. In the Winona vicinity,
however, erosion by the Mississippi River and its many tributaries has
exposed bedrock that is easily seen in the many river valleys and bluffs.
Paleozoic rocks overlie Precambrian rocks throughout the Driftless
Section (Figure 2). The Paleozoic rocks are relatively flat-lying
sandstones, dolomites and shales that have a combined thickness in
excess of 1,000 feet in some parts of the area. The rocks were formed
from sediment deposited by successive marine inundations occurring
during the Cambrian, Qrdovician and Devonian Periods (between
400,000,000 and 600,000,000 years ago). The sediments were later
compacted and cemented, forming sedimentary rocks.
The Mississippi River began its evolution about 500,000 years ago
as an ice-marginal stream, incising its valley into the soft sedimentary
rocks as it flowed along the edge of the Nebraskan glacier. The
development of the master stream caused a complex drainage network of
tributary streams to develop. The major period of valley downcutting,
however, was very recent, occurring within the past 20,000 years.
The last of the Wisconsin glacial episodes climaxed about 14,000
years ago (Figures 3,4 ). Southeastern Minnesota was scarcely touched as
a glacial lobe advanced from the northwest, passed west of Rochester and
extended southward as far as Des Moines, Iowa. About 12,000 years ago,
the lobe melted back into the Red River Valley and blocked its own
drainage route towards Hudson Bay via the Red River. Because of this
damming action, melt water was ponded in front of the retreating glacier,
forming Glacial Lake Agassiz, which covered much of northwestern
Minnesota and parts of North Dakota, Ontario and Manitoba. For about
3,000 years, Glacial Lake Agassiz spilled over its southern rim and poured
down the Minnesota River Valley, forming a large river called the Glacial
River Warren. The River Warren was many times larger than the present
Minnesota River, but carried little sediment. The Glacial St. Croix River
added sediment-free overflow from Glacial Lake Superior, rendering the
sediment-hungry Mississippi River capable of carrying all the sediment
added to it by tributary streams, with still enough erosive ability to
deepen the Mississippi channel by as much as 300 feet.

As the most recent glacier retreated into Canada about 9500 years
ago, its melt waters were once again able to drain to the north via the Red
River, and the River Warren lost the supply of sediment-free waterformerly contained in Glacial Lake Agassiz. Glacial ice also melted in
eastern North America, enabling the Great Lakes to drain freely through
the St. Lawrence River into the Atlantic Ocean. Consequently, the level of
Lake Superior dropped until it no longer overflowed into the Mississippi
via the St. Croix River. At this time, about 9,000 years ago, the modern
Mississippi River came into being (Figure 5).
Because the volume of flow of the Mississippi was reduced by loss
of glacial meltwaters, and because its gradient was so gradual, the river
lost its ability to transport the sediment load carried in by its steepgradient tributary streams. As a result, the valley slowly filled with
sediment to its present elevation. Tributary rivers (especially the
Chippewa) overloaded the Mississippi with sediment, causing it to change
from a single channel to a braided river consisting of many small ,
intertwined channels. The City of Winona lies atop a large sand bar which
formed between two such channels. Even though the city lies in an area
not recently glaciated, it owes its location to the glacial till which
washed into the Mississippi from tributary streams
Within the last several thousand years, erosion from the surrounding
highlands has resulted in formation of alluvial deltas at each point where
a tributary stream carries sediment into the Mississippi River valley.
Thus, an old channel of the Mississippi, which ran between Winona and the
Minnesota bluffs, was cut off from the rest of the river by deposition
from Garvin Brook (Figure 5c) on its upstream end and by deposition from
Burns Valley Creek on its downstream end. Gil more Creek added much of
its own sediment at about midpoint, dividing the long, isolated channel
into two lakes, known today as Boiler Lake and Lake Winona.
During the early settlement period in the 1850's, Lake Winona was a
marshy lake that connected to the river at its downstream end during
flood time. As late as 1852, steamboats passed through the proposed
industrial park and Lake Winona on their way up Crooked Slough during
flood time. Because of severe soil erosion during the late 1800's, the
alluvial deltas of the various creeks increased in size, further

separating Lake Winona from the river. The raising of Mankato Avenue and
subsequent dike construction finally isolated Lake Winona from the river
during all river levels.
The soils of the floodplain are alluvial, varying in texture from silty
clay to sand. The composition of the soil depends upon the manner in
which the soil was deposited. The strata are composed of clay, silt, sand
and gravel and are very irregular. Stream banks plainly show the varying
thicknesses of the different materials arid in many places the lack of
continuity of the sand and gravel layers above low water level. Sand arid
gravel strips border most sloughs, but some of the larger, more elevated
areas between the sloughs are covered with heavy silty loam which is
underlain with sand or gravel. Prior to impoundment by navigation dams
during the 1930's, these silty tracts were usually managed for hay
(Fremling, 1974).
111. History of Project Area (1851-1970).
Captain Orrin Smith, owner of the steamboat "Nominee" is
acknowledged as the founder of the first settlement at Winona in 1851.
In spite of a history of flooding, Winona was settled rapidly because of its
easy access by steamboat. By 1870, Winona's population was 7,000 and by
1890 it had swelled to 20,000. In addition to being a shipping point for
srnall grains and other commodities, Winona rapidly became the world's
greatest sawmill center. White pine and Norway pine logs were sent
downstream from the pineries of northwestern Wisconsin via the
Chippewa and St. Croix Rivers to the Mississippi, and then rafted
downstream to the mills at Winona. The first sawmill opened in Winona in
1855; by 1892 the nation's four largest mills were producing 150 million
board feet of lumber, 90 million shingles, arid were employing 2,000 men.
River traffic and the lumber industry both reached their peak in 1892
when 5,468 steamboats passed through Winona. The pineries were soon
exhausted, however; the last raft of Wisconsin timber passed Winona in
1915.
Excellent railroad connections have been available to W'inonans since
the late 1800's when the city became the meeting place for five railroads.
The coming of the railroads, however, spelled the death knell for most of
the shallow draft steamboats. By 1 920, steamboats were scarce on the

river. It was not. until the development of the 9-foot navigation channel in
the 1930's that towboats began to compete once more with railroads as
haulers of bulk commodities. Because of its access by modern deiselpowered towboats, Winona has become a major terminal for grain,
especially corn and soybeans.
A. Riverbend Industrial Park
Because it developed as an early steamboat port and sawmill center,
Winona lies almost entirely wihin the floodplain of the Mississippi River.
Flooding has always been a threat to the city, but never was the threat of
a major disaster as great as it was during the record flood of April, 1965.
A 10.4-rnile-long temporary dike (levee), which was erected hastily
during the flood, saved the city. Subsequent to the flood, the portion of
the dike from Minnesota Cityto the interstate bridge was replaced by a
permanent dike authorized by the 1958 Flood Control Act (Stage I Project,
completed in 1969) (Figure 6). Yet, Winona still relied upon 4.3 miles of
temporary dike that extended downstream from the interstate bridge. The
temporary dike was expensive to maintain and aesthetically displeasing
because it ran the length of Levee Park. More important, the temporary
dike was unreliable because portions of it were constructed upon porous
materials such as sawdust deposits left from Winona's early sawmill
days.
In 1974, Fremling et al. prepared an "Environmental Impact
Assessment Report on the Flood Control Project and Waterfront
Development at Winona, Minnesota" for the U.S. Army Corps of Engineers in
accordance with the National Environmental Policy Act of 1969. The
assessment treated 1 1 river-oriented projects (including Riverbend
Industrial Park), but placed most emphasis on the environmental impact of
the Stage II Flood Control Project proposed for the City of Winona. The
proposed Stage II Dike was designed to complement the section of
permanent dike completed in 1969, resulting in complete flood protection
for the city. The 1974 assessment provided the basis for the "Final
Environmental Impact Statement, Flood Control Project and Waterfront
Development, Winona, Minnesota" (U.S. Army Corps of Engineers, St. Paul
District, 1976). Most of the following information is extracted form the
1974 assessment and the 1976 statement.

The Stage II Project, for flood damage reduction on the Mississippi
River at Winona, Minnesota, described in House Document No. 92-152, 92d
Congress, 1st Session was authorized under Section 201 of the Flood
Control Act of 1965. The proposed flood control project was designed to
provide protection for the City of Winona against a Mississippi River flood
having an expected frequency of occurrence of about once in every 300
years.
Following the record flood of 1965, city representatives requested
that the authorized dike be extended to provide flood protection for the
entire Winona riverfront, which was heavily damaged by 1965 flood flows.
At a public hearing held on September 9, 1965, in connection with the
existing authorized project, local interests again expressed concern over
the remaining flood hazards facing the community and requested that the
authorized dike be extended downstream to high ground below Lake Winona
to protect the industrial and commercial complex along the riverfront
(Figure 7) Such a plan, they stated, would also remove the flood threat
from a large area of unused land land eastward of Lake Winona and would
provide growth opportunities for the city. This extension below Lake
Winona would replace the authorized alignment just below the existing
Lake Winona outlet structure. During the flood of 1965, virtually all of
the proposed Riverbend Industrial Park was under water (Figure 8). The
large floods of 1967 and 1969 further aroused the community in their
desire for additional flood control.
The 1976 Environmental Impact Statement stated, in various
sections, that "Much of the 1990 future land use plans for Winona are
based on attracting industry to the city. Cine of the cornerstones of those
plans involves the creation of Riverbend Industrial Park. The two-fold
purpose of the park is to not only attract new industry but to concentrate
existing industry within a controlled area. Completion of the River Bend
Industrial Park, Phase II would provide employment, increase the tax base
for the city, and result in increased industrial volume throughout the city.
It would provide an incentive for industry to move from the city to a
planned, regulated area which is not residential. The area considered

would be protected by the proposed flood control project." It furtherstated that " Much of the proposed development of Industry in Winona is
predicated upon the construction and development of Riverbend Industrial
Park. Presently, that area consists of marginal river lands. Its
development will increase the tax base in Winona and increase land values
in the area. If Winona is to attain a population by 1990 such as that
proposed in the Land Use Plan, the Riverbend Industrial Park, or some
equivalent area will be needed for industrial development in order to
provide the necessary jobs to attract new residents. Concentration of
industry in Riverbend Industrial Park would help reduce all types of
pollution within the business and residential sections of th the city (e.g.
truck traffic, noise, odor, etc.). If it is desirable for the city to continue
to grow industrially, it is better to have industries move into pre-planned
parks which will not aesthetically degrade the scenic Winona environment
than it is for them to move into the surrounding valleys or for them to
continue the unnecessary monopolization of the waterfront. It also seems
more sensible to construct a permanent dike and to locate industries
within it than it does to build the industries and then construct protective
dikes as an after thought."
On March 6, 1975, the Winona Port Authority applied for a Corps of
Engineers permit to dredge 731,000 cubic yards of sand in order to
construct a 36-barge fleeting area and cleanout facility on the right bank
of the Mississippi River at River Mile 722.5. The dredged material would
be used as fill for Riverbend Industrial Park Phase II (Figure 8). On
October 25, 1975, the permit applicant submitted a revised plan, reducing
the proposed project in size to handle only 24 barges, but the quantity of
dredged material would remain the same. The Riverbend project called for
the filling of an 800-foot x 3,400-foot area of Riverbend Industrial Park
to an elevation of 656.5 with sand dredged from the proposed fleeting
area. The fill which would be pumped from the fleeting area into
Riverbend would reduce the cost of both building sites because costs could
be written off on two projects.
The city's existing floodplain regulation (adopted in 1974) required
that the minimum elevation of the lowest structure within Riverbend

must be at least 659.0 elevation or at least one foot above the 100-year
frequency of flood. Because of the high cost involved in filling Riverbend
to this elevation, the city opted to pay their required share of the
additional cost for protecting Riverbend with the revised Stage II dike
system. City officials felt that after the dike was completed, affording
complete flood protection for Riverbend, regulations would probably be
modified to permit construction at a lower elevation.
An integral part of the Stage II dike was a pumping station which
would lower the level of Lake Winona during flood time. Since Lake
Winona acts as sump for the city, lowering the lake also lowers the water
table beneath the city so that basements are riot flooded by the seepage of
groundwater. The pumping station was to be placed in County Ditch No. 4
at a point 0.8 miles east of the temporary pumping station at Mankato
Avenue (the outlet of Lake Winona). As a result, the water level in County
Ditch No. 4 would always be kept lower than the level of Lake Winona (and
also below the level of Riverbend Industrial Park).
The portion of the Stage II dike running from Peerless Chain
Company to Highway 61 was to have been constructed upon or next to the
old Chicago and Great Western Railroad bed (Figure 7). The dike would
have destroyed a strip of marsh and upland vegetation somewhat wider
than the dike. It also would have enclosed (and thus endangered) 40.6
acres of Type I and II wetlands just north of Highway 61. As a result of
comments on the Draft Environmental Impact Statement made by the U.S.
Department of the Interior and the Minnesota Department of Natural
Resources, the alignment of the dike was modified to exclude these
wetlands from the protected area (Figure 6). The new alignment of the
dike saved the wetlands, but resulted in a commensurate loss of 40.6
acres of potential industrial development land within Riverbend. The
original proposal was to have a roadway (Bundy Boulevard) utilizing the
top of the dike as a connecting link between Highway 61 and Riverbend.
Because of the new alignment, the city had to pursue other alternatives
for connecting Highway 61 to Riverbend. The alignment, of Burns Valley
Creek also was changed so that it would be channelized from the sharp
bend located 986 yards upstream of the Highway 61 bridge down to a point
located 176 yards downstream from the bridge.

Plans for the previously mentioned 24-barge fleeting area near
Peerless Chain Company and an alternate mid-channel, 100-barge fleeting
area at River Mile 723 were abandoned, primarily because they were too
remote (about 7-mile round trip to the grain terminal in Crooked Slough),
but also for a variety of environmental concerns.
In the spring of 1974, the Riverbend area designated to receive fill
from the 24-barge fleeting area was cleared of trees (Figure 9). Saleable
logs were removed, and all slash was burned during the summer of 1974.
A contract for stump removal was let during the fall of 1974.
Examination of stumps and suckers showed that, prior to clearing, the
area contained mature American elm, silver maple, and sandbar willow
(insert Latin names). A small, isolated acreage of wetland existed in the
Phase II portion of the industrial park (Figure 7). It was subject to
periodic flooding by spring runoff and by seepage of ground water.
In a letter dated March 31, 1976, from the U.S. Environmental
Protection Agency, the District Engineer was advised that the filling of
Riverbend Phase II would not require mitigative measures in view of the
modification of the proposed dike alignment around the industrial park.
The letter also stated that the EPA remained opposed to the construction
of the 24-barge fleeting area because of the existence of other viable
alternatives. Riverbend Phase II was one of the sites that was being
considered for disposal of dredge materials resulting from Mississippi
River channel maintenance. The city also was advised that if the Phase II
Riverbend project was to be constructed, a permit in accordance with
Section 404 of the Federal Water Pollution Control Act Amendments of
1972 would be required.
B. Lake Winona (1860-present)
The following is a summary of the complex modern history of Lake
Winona and the efforts to restore it as a multiple use resource. For
detailed limnological information, historical records, maps, etc., the
reader is referred to "A Lake Winona Compendium" (Fremling and Heins,
1986) appended to this document.
Lake Winona, a 319-acre floodplain lake which lies within the City
of Winona in southeastern Minnesota, is highly eutrophic because it
receives nutrient-rich urban runoff from storm sewers of Winona and

Goodview (Figures 10, 1 1). The lake is flanked by State Highway 61 and is
the first Minnesota lake that many tourists see.

Because of soil erosion problems and the consequent transporting of
agricultural soil into Lake Winona during floods of Gil more Creek, Lake
Winona has been dredged several times. The first dredging occurred in
1913; dredged material was used to construct Lake Park, Maxwell Field
and the Huff Street causeway. In the 1930's the City of Winona purchased
a dredge and used it to fill lowlands east of Franklin Street. The project
was suspended during World War II, but was resumed in 1950 and 1953,
when the entire lake was dredged because it had again filled with soil
(Figure 12). This dredging deepened the lake to an average depth of 8 feet
at a cost of $485,900, provided most of the land upon which the hospital
arid high school were built, and destroyed the extensive wetlands which
originally surrounded the lake. Deep holes along the northern perimeter of
the lake were formed mainly by removal of sand for the construction of
Highway 61. The maximum depth of the lake immediately after the
dredging was 44 feet. The lake was dredged again iri 1957-1958, on a
small scale, to improve the lake for swimming.
The fate of Lake Winona has been associated intimately with Gil more
Creek, and the creek has been rerouted several times since 1885. Because
it has such a large watershed (area?), Gil more Creek is especially prone to
flooding. At its maximum flow on July 21, 1951, Gilrnore Creek carried
5,360 cfs (Upper Mississippi River Comprehensive Basin Study Committee,
1970). The Mississippi River at Winona, by comparison, at its minimum
flow on December 29, 1933, contained only 2,250 cfs. Many engineering
projects (channelization, diversions, darns and dikes) have been employed
to prevent Gilrnore Creek flood waters and their sediments from damaging
the city and Lake Winona. Since 1944, Lake Winona has flowed into a flood
reservoir (Boiler Lake) before entering Lake Winona (Figure 13). This
diversion has prevented further si 1 tation of the lake.
Winona's flood dike now isolates Lake Winona from the Mississippi
River. Lake Winona receives no water directly from the river, but its level
rises and falls with river level because the sand bar separating the lake
from the river is very porous. A pumping station on the lake's outlet ditch
maintains the lake level during flood time.
Severe winter kills in 1965 and 1969 allowed stunted buffalofish
(Ictiobus cuprinellus). carp (Cyprinus carpio). bullheads ( Ictalurus melas),

and gizzard shad (Dorosoma cepedianurn) to dominate the lake until 1973,

when a reclamation project was initiated to create a sport fishery,
mainly for children, the elderly and the handicapped. A non-profit
corporation (the Lake Winona Committee) raised funds, installed
equipment, and coordinated the cooperative efforts of the Minnesota
Department of Natural Resources, the City of Winona and Winona State
University. Most of the work was done by volunteers; virtually all
equipment was purchased by local contributors.
The reclamation of 1973 included: 1) installation of aeration
systems to prevent winter kills, 2) installation of an electric weir to
prevent rough fish from entering the lake from the river, 3) treatment of
the lake and tributary waters with rotenone to kill all fish, 4) cleanup of
over 225,000 pounds of dead fish (730 lbs/acre), and 5) restocking with
bluegills (Lepomis macrochirus). largernouth bass (Micropterus
salmoides). smallmouth bass (Micropterus dolomieui). northern pike (Esox
lucius). muskellunge (Esox masquinongy) and walleyes (Stizostediori
vitreum).
Fishing was excellent during the first 10 years following
restoration, but bluegills and crappies became stunted, primarily because
of: 1) excessive cover provided by lush growth of exotic curly leaf
pondweed (Potamogeton crispus) that proliferated after the rough fish
were killed and the lake cleared, 2) insufficient predation, 3) insufficient
benthic invertebrates for food due to bottom sediments being anoxic, 4)
crowding, and 5) excellent spawning habitat existing along most of the
shoreline.
An Altosar weed cutter-harvester was purchased in 1982 and has
been used each summer to harvest nuisance aquatic plants. Northern pike,
bowfin (Amia calva) and flathead catfish (Pylodictis olivaris) have been
stocked as predators to reduce numbers of bluegills. Fishing for northern
pike and bass remains good.
Three fishing piers have made the lake accessible to hadicapped
fishermen. The lake is now encircled by an asphalted scenic path that is
used extensively by walkers, joggers, bicyclists, roller skaters, and
crosscountry skiers.

The physical and biological condition of the lake has been monitored
routinely by Winona State University, St. Mary's College and the Minnesota
Department of Natural Resources. Their data show that aeration is
essential to prevent winter kills, and that weed harvesting is prolonging
the useful life of the lake, but that the rate of eutrophication is
increasing due to storm sewer input. An interceptor sewer line should be
constructed to prevent nutrient-charged storm water from entering the
lake. However, the lake has accumulated enough nutrients (in the form of
organic sludge) since it was dredged in the early 1950's to last
indefinitely, even if a storm sev^er interceptor line is constructed.
Construction of a storm sewer interceptor seems to be prohibitively
expensive at the present time because the entire line would have to be
constructed below the water table, necessitating expensive dewatering
with fields of sandpoint wells. The most feasible lake improvement
measure at this time appears to be extensive dredging to: 1) remove
nutrient-rich sludge that also has a high biochemical oxygen demand, 2)
make the lake so deep (at least 16 feet) that rooted aquatic plants would
have insufficient light to grow, and 3) increase the volume of the lake and
its capacity to store dissolved oxygen.
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V. Riverbend Industrial Park Project
A.Introduction
Because it is located on the Mississippi River floodplain, and
confined by flood levees and rugged bluff land, Winona is desperately short
of land for industrial expansion. The city needs industrial land to remain
economically healthy. The only area zoned for heavy industry with
significant area yet to be developed is Riverbend Industrial Park located
east of llankato Avenue between the lake outlet ditch and Highway 61-14
(Figure ). There are 124 acres available for development including 28
acres already sold to Badger Foundry for disposal of foundry sand.
Because the Badger Foundry site is not classified as wetland, no filling
permits are required there (Bob, is this correct?) The long range plan of
the city is to develop industrial land on the bluff tops which rise almost
600 feet above the city. However, it will be very expensive and energy
intensive to extend water and sewer lines to that elevation. Industrial
expansion to the bluff tops would also detract from the beauty of the
scenic area and pose a pollution threat to ground water in an area
characterized by karst topography.
The City of Winona's master plan calls for the development of
Riverbend, and the Port Authority of Winona places high priority on its
filling and development. In recent years, both the City of Winona and the
Port Authority have supported applications to fill portions of Riverbend.
These permit applications were to: 1) fill 8 acres to construct Frontenac
drive, 2) fill 7 acres between Frontenac drive and the lake outlet ditch
for Renk Trucking, 3) develop an incinerator site for Winona County, and 4)
fill 81 acres, including the incinerator site, in conjunction with the
dredging of Lake Win on a.
Frontenac Drive is designed to divert truck traffic from Mankato
Avenue directly to the large industrial area in the east end of Winona. The
1988 traffic map at the Eighth Street-Mankato Avenue intersection shows
1 1,500 vehicles per day passing through a residential area. A grade school
is located at that intersection.
B. Construction
This proposed project would fill the site of Frontenac Drive and all
remaining lowlands within Riverbend (96 acres total) at one time, rather
than doing it piecemeal. The entire area would be filled to a depth of 8

feet with sand dredged from the lake. Ninety acres would then be topped
with 3 feet of muck dredged from the lake. Frontenactyrive would not be
covered. The muck would dry to a depth of 1.5 feet. The project would
also benefit Lake Winona, orovidijig avtindow of opportunity for dredging
that will never exist again. lt^ould(also)defray part of the cost of
dredging Lake Winona because Ri verb endl and would sell for about $25,000
per acre when filled. The cost of the dredged sand fill would be about
$26,875 per acre. An additional cost of about $12,000 per acre for
streets and utilities would be borne by the city and is not reflected in the
selling price of the land. The cost of pumping muck to Riverbend would be
charged soley to the Lake Winona project, however, because it would not
benefit Riverbend. Prior to filling Riverbend, the existing trees would be
cleared at a cost of about $20,000.
The wetland within Riverbend is typified by plant species that are
indicators of wetlands, but they constitute a relic flora which will
*) probably be replaced by upland species. As explained previously, the area
be. Ay is kept relatively dry by the pumping station on the JU^Iake outlet ditch.
Presently (Spring, 1990), the Riverbend site is being studied by two
faculty and two students from Winona State University. Studies include
detailed mapping, vegetay^on analysis, wildlife observations, ar^wetland
quality as determined byJHabitat Evaluation Procedure (HEP) and Wetlands
Evaluation Technique^(WET).
C. Benefits of project
1. It will provide badly-needed industrial space and
employment.
2. It will concentrate industry in one place, away from
residential and scenic areas.
3. It will reduce truck traffic near a school and in
residential areas.
4. It will enable a doomed area to be filled in a planned
manner, rather than have it filled piecemeal.
5. It will provide the only possible disposal area for
sand dredged from Lake Winona.
6. It will provide temporary storage for rnuck dredged
from Lake Winona.
D. Detriments of the project
1. It will destroy
acres of Type
wetland.
' f

t

VI. Lake Winona Dredging project
A. Introduction
Dredging would be confined to the east, lake, which has a water
surface area of 215 acres; 163 acres are less than 15 feet deep and
consequently support dense growths of nuisance aquatic plants, primarily
curly leafed pond weed (Potamogeton crispus). Based on limnological
studies done by Winona State University, the Lak^ Winona Committee has
recommended that large areas of the lake be deeped to 16 feet to control
weed growth, remove sediments that have a high'biochemical oxygen
demand and are rich in nutrients, and to increase the volume of the lake.
Because area residents hold the lake in such high regard as a recreational
and scenic resource, the Winona City Council has adopted the dredging of
Lake Winona as a goal.
The average depth of the east lake is 8 feet. About 49% of the east
lake is 5 feet or less in depth. About 78% is 10 feet or less in depth. Only
10% is 15 or more feet deep. Lake sediments were sounded on May 28,
1986, revealing that the lake is underlain with 8 to 20 feet of "muck"
which is underlain with sand. The upper stratum of the muck layer
consists of a sapropel-copropel layer varying in depth from about 6 inches
in shallow areas to over 4 feet in deep areas. The lower muck strata are
composed mainly of silt deposited by floods of Gil more Creek. Muck is
not suitable for industrial fill, but sand is ideal.
B. Construction
The City Council accepted a feasibility report from Robert Boll ant
(Director of Public Works) on April 27, 1987 recommending that Riverbend
be filled by dredging sand from a 24-acre deep hole at the extreme east
end of the lake and then dredging 950,000 cubic yards of muck into the 24acre excavated hole. Approximately 80 acres of the lake could thus be
deeped from an 8-foot depth to a 16-foot depth. A containment boom (silt
curtain) would be constructed from the point by the hospital to a point
southerly of Hamiltoh Street to contain sediment during the muck, dredging
operation. Robers Dredging Company of LaCrosse, Wisconsin has used
these containment curtains and found them effective.
The 80-acres to be deepened to a 16-foot depth would be along the
northerly shore which is the most heavily used area of the lake. (Is this

the right area??) Added to the 52 acres already greater than 15 feet
deep, this would make 132 acres of the lake deeper than 15 feet.
After the April 27, 1987 feasibility report was accepted by the City
Council, the Lake Winona Committee approached the Port Authority,
requesting that as much muck as possible be pumped out of the lake. The
Port Authority agreed to allow placement of 3 feet of muck atop the
dredged sand fill at Riverbend. When dry, the muck would shrink to a depth
of about 1.5 feet and could be recovered as top soil. Frontenac Drive
would not be covered, leaving 90 acres to receive 450,000 cubic yards of
muck. Cost of dredging are as follows:
Cost of dredging 1,280,000 cubic
yards of sand to Riverbend @ $2.00
per cubic yard
$2,560,000
Cost of dredging 450,000 cubic
yards of silt-muck to Riverbend
@$2.00 per yard
$900,000
Cost of dredging 500,000 cubic yards
of silt-muck into 24-acre hole at
$ 1.20 per cubic yard
$600.000
$4,060,000
(Bob, Would the 24-acre hole then only be half as full as it
would have been according to the April 27, 1987 feasibility report?)
C. Benefits of the project
1. It would deepen
acres of the lake, thus inhibiting the
growth of nuisance aquatic weeds and indirectly reducing
stunting of panfish.
2. It would increase the aesthetic appeal of the lake.
3. It would increase the volume of the lake, thus providing
addditional living space for fish and increased storage of
dissolved oxygen.
4. It would remove sediments that supply nutrients directly to
rooted aquatic macrophytes and indirectly to phytoplankton
via the water column.
5. It would remove sediments that have a high biological
oxygen demand (BOD), thus reducing the degree of hypoxia
at the mud-water interface and the consequent release of
phosphorus.

6. By reducing the BOD of sediments, it may make the lake
bottom habitable to benthic fish-food organisms.
7. It will probably make it unnecessary to run aerators, at
least for a number of years.
8. It will extend the useful life of the lake.
D. Detriments of the project
1. It will be expensive.
2. It will necessitate the expenditure of fossil fuels.
3. Suspension of high BOD sediments during dredging may
cause fish kills.
VII. Mitigation - Background information
On February 7, 1990, the final memorandum of agreement (MOA)
between the U.S. Army Corps of Engineers (USAGE) and the U.S.
Environmental Protection Agency (EPA) outling the procedures for
determining the type and level of wetlands mitigation necessary to meet
the requirements of Section 404(b)(1) of the Clean Water Act became
effective (Sport Fishing Institute, 1990).
The final MOA, which changed some of the provisions of the original
November 15,
document, involved months of negotiations between
the USAGE, EPA and the White House. The MOA is meant to provide internal
guidance to USAGE and EPA staff on how to implement existing Section
404 permit regulations. The MOA notice was published in the Federal
Register on February 15, 1990.
While the MOA has been described by the USAGE as being consistent
with President Bush's goal of no overall net loss of wetlands, it by design
apparently falls short of establishing such as national policy. The task of
developing recommendations on a national no net loss policy has been
delegated to the Domestic Policy Council's Inter-Agency Task Force on
Wetlands.
The following sections deal with the feasibility of mitigating for
loss of
acres of Type
wetlands if Riverbend is filled. We
understand that no mitigation would be necessary for dredging Lake
Winona.
VIII Storm Sewer Diversion as a Mitigation Measure
A. Introduction
The previously discussed MOA probably would not include storm

sewer diversion as a mitigation measure for lost wetlands because the
measure would not create new wetlands or restore wetlands which have
been degraded. Nevertheless, this measure has been suggested. It is
included here because considerable time and effort have been expended to
determine its feasibility.
It would obviously be desireable to intercept nutrient-charged
storm water which enters Lake Wiriona via its storm sewers. Lake
Winona's weed problem is due largely to the lakes shallowness,, but also
due to its highly eutrophic status. In addition to nutrients such as lawn
fertilizers, storm sewers also contribute tree leaves arid grass clippings
that supply additional nutrients and have a high biochemical oxygen
demand, as well as debris, sand, silt, oil and potential toxins.
Unfortunatey, sewer construction in Winona is a very complex,
expensive process because: 1) the water table is so close to the surface
that most sewers are submerged, 2) the sandy soils are very porous
allowing rapid infiltration, 3) the gradient to the lake outlet ditch is so
slight that flow would be slowed, 4) the sewer interceptor would be
partially filled with water at all times, lessening its capacity to handle
storm surges, 5) building a sewer below the water table necessitates sand
- point well fields, manifolds and pumps to dewater construction sites,
and 6) it may be necessary to construct a lagoon to remove phosphorus
from the storm water before it is discharged into the river.
B. Construction
The storm sewer diversion would consist of intercepting all the
storm sewers emptying into the east lake along the north shore and
constructing an interceptor storm sewer along the north shore easterly
past Lake Winona to discharge into the lake outlet ditch east of Mankato
Avenue (Figure
). The pumping station located on the outlet ditch
would assure free fall of storm water into the ditch, even during flood
time.
The proposed interceptor is based on a five -year design, for which
the major part of the city is designed. This means, theoretically, that the
storm sewer interceptor line would be overloaded once every five years.
It is assumed that the overflow would flow directly into Lake Winona.

This periodic flushing may be especially detrimental because the flush
may contain nutrient-rich sediments accumulated during periods of low
precipitation.
The following cost estimate is for the east lake only. Running an
interceptor line along the north side of the west lake would at least
double the cost because of increased distance from the outlet ditch. We
conclude that the construction of a storm interceptor sewer line is riot
economically feasible at this time.
INCLUDE BOB's cost table here (Table XX)
C. Benefits of the project
1. It would decrease loading of nutrients, high BOD detritus,
debris, sediment, oil, animal feces, and potential toxins.
2. It would reduce the chances of chemical and oil spills into
the lake.
3. It would increase the effective life of the lake.
D. Detriments of the project
1. It would be prohibitively expensive.
2. Construction would cause temporary damage to parkland
and disruption of traffic.
3. It would cause the expenditure of fossil fuels and
n o nre ne w ab 1 e re s o urc e s.
IX. Marsh Restoration as a Mitigation Measure
A. Introduction
This project proposes to restore two city-owned wetlands adjacent
to Lake Winona within the City of Winona (Figure ). West Marsh comprises
12.5-acres and is bounded by K-Mart Shopping Center, the Lake Winona
bike path, and Trunk Highway 61. East Marsh comprises 18.9-ac.res and
runs eastward from Huff Street between the Lake Winona bike path and
Trunk Highway 61. Both area are presently overrun with the noxious exotic
weed, purple loosestrife (Luthrum salicaria). which must be controlled by
the city under Minnesota statute. The proposed restoration will: 1) lead to
the management of the purple loosestrife now dominating the areas, 2)
provide improved habitat for native wetland biota, 3) impound stormwater
runoff to reduce nutrient loading into the lake, and 4) establish the
wetlands as areas for environmental interpretation and education. The
project will be a cooperative effort involving Winona State University

7

faculty (pre-restoration planning, environmental studies, interpretive
planning) and WSU students (environmental studies, class projects), the
City of Winona (engineering, construction), the Lake Winona Committee
(overlook construction), and area citizens (revegetation, volunteer
efforts). Visitor access to the restored areas will be provided by
connecting access points to an extensively used, asphalted, multiple-use
path that presently encircle the lake. Public access will be improved.
Revegetation with a variety of native wetland plants differing in texture,
height, and color will relieve the present single-species monotony and
enhance the wetlands' aesthetic appeal for visitores. The greater and
more typical diversity also will make the wetland a model wetland for
local primary and secondary schools. Irregular contours of shorelines and
islands will aesthetically improve the appearance of the areas which are
presently dissected with straight ditches and dikes.
The proposed restorations have been discussed with personnel of the
Wisconsin Department of Transportation and the Wisconsin department of
Natural Resources who were involved directly with the restoration of
degraded wetlands within the City of Madison and linked to the Yahara
River as mitigation for highway construction. Additional discussions of
the proposed project have involved personnel from a variety of
organizations and agencies that are involved in wetlands assessment,
management, and restoration, including the Minnesota Department of
Natural Resources, US ACE Waterways Experiment Station (Vicksburg, MS),
USACE (St Paul District), USFWS Upper Mississippi River National Fish and
Wildlife Refuge (Winona), USFWS Montezuma National Wildlife Refuge
(Seneca Falls, NY), USFWS Trempealeau National Wildlife Refuge
(Trempealeau, Wl), and biologists from St. Mary's College (Winona, MN).
The project will use the intensively studied Weaver Bottoms of the
Mississippi River and Trempealeau National Wildlife Refuge as reference
wetlands. The Weaver Bottoms Rehabilitation Project has been very
successful, receiving the 1989 Chief of Engineers Award of Excellence,
the USACE's highest award for projects worldwide. It was also selected
as the top project in the Environmental category; in the 20-year history of
the awards program it was the first project from that category to win the
top award. In 1988, this project also received the environmental

engineering grand prize from the Minnesota Consulting Engineers Council
of Minnesota. The primary research work for the Weaver Bottoms
Reclamation Project was done in 1975-1978 by Winona State University
and St. Mary's College personnel under contract with the US ACE and the
USFWS.
Prior to restoration, the two areas will be assessed to determine: 1)
the nature of the existing physical habitat, 2) the present dominance of
loosestrife, 3) the use of loosestrife-dominated areas by wildlife, and 4)
the current status and distribution of native wetland plants arid animals.
Recent high-altitude infrared and true-color stereoscopic photos from the
USFWS Long-Term Resources Monitoring (LTRM) Program will be used to
make detailed base maps and to plot plant distribution. Ground truthing
will ensure the accuracy of plant distribution maps. Preliminary surveys
of habitats, water chemistry, plants, and animals are presently underway,
but thorough inventories are needed to adequately document the state of
the present wetlands and their plant and animal residents.
Post-restoration monitoring and inventory will be done intensively
during the first two years subsequent to restoration. Water chemistry and
changing plant and animal communities will be monitored and compared
statistically and/or photographically with those in reference wetlands
(Weaver Bottoms and Trempealeau National Wildlife Refuge). Highaltitude infrared and true-color photographs from LTRM also will be used
to assess vegetational changes in the restored areas. Because of the
wetlands' proximity to Winona State University, long term observations
will be routinely done as field work in limnology, ecology, and entomology
classes. Theswe data will be valuable to thoose conducting similar
restoration projects
B. Restoration of West Marsh
West Marsh consists of 4.3 acres dedicated to the city as wetlands
in conjunction with K-Mart development and 8.2 acres owned outright by
the city Existing ground elevation is 12 -18 inches above normal water
level. Presently,
acres of the marsh are open water. The plan calls for
excavating the marsh (with dragline) to an average elevation of 2 (3 is
preferable) feet below normal water level to an elevation of 644.5 feet
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above sea level. It will be difficult to pile the excavated material
greater than 4-5 feet high due to its soupy characteristics. The
excavation will create 6.7 acres of open water which will be planted with
native aquatic plants. Newly created burrns will be planted with native
floodplain trees and shrubs; especially those that have wildlife value. The
cost of excavation 32,400 cubic yards of material $2.00 per cubic yardsis $64,800. The restored marsh will be connected to Lake Winona by an 18inch(?) culvert which is presently in place. The culvert's present grating
will be retained to prevent carp access to the marsh. We plan to lower the
level of Lake Winona one foot prior to construction to partially dewater
the soil and make it easier to excavate and pile.
C. Restoration of East Marsh
. During times of normal lake level there is no open water in East
Marsh. The plan calls for excavating 1 1.4 acres to an average depth of
2(3?) feet below normal water level to an elevation of 644.5. Excavated
material will be piled around the perimeter of the site and also within the
site as needed, creating islands. An (
footX
foot) area east of and
adjacent to Huff Street will be filled with excavated material and
reserved for a hangglider landing area. The restored marsh will have no
connection with the lake. The burrn upon which the bike path is built will
act as a dike allowing water elevation in the restored marsh to be raised
one foot by runnoff and input of storm sewers. The one-foot rise will be
made possible by installing a sill in each of the three culverts which
presently drain the area. The marsh will be replanted with native aquatic
plants. Burms and islands will be planted with trees and shrubs as in the
K-Mart area. The cost of excavation will be about $96,171.
D. Development of Environmental Interpretation/Education
Materials and Curricula
In the continental United States, more than half of the original
wetlands have been destroyed. The situation is most severe in and around
urban areas where few wetlands have gone undrained or undeveloped.
However, their potential for environmental interpretation and education
makes urban wetlands some of the most essential in the nation.
Urban wetlands are important because they are accessible to large
numbers of people on a regular basis. According to Ralph Rogers, U.S.
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Environmental Protection Agency wetland specialist for the state of
Oregon, "Wetlands exist out of the city, but the most convenient way for
most, people to learn about them is in the city." By the year 2000,
projections indicate that 90% of all Americans will live in urban areas.
The great majority of Americans likely will learn and care about wetlands
only through trips made to urban wetlands.
Cities across the U.S. have begun restoring, protecting, and
preserving their urban wetlands. These wetlands provide valuable habitat
for a wide range of plants and animals, including threatened or endangered
species. Some cities now use wetlands to cleanse storrnwater runoff and
sewage effluent. By incorporating hiking trails, picnic areas, interpretive
programs, and educational activities into their management plans, cities
have been able to cultivate public understanding and support for wetlands
conservation.
The proposed projects will serve vital interpretive/educational and
research functions because of their proximity to Winona State University
and St. Mary's College. Their interpretive and educational mission will be
enhanced by their location within the City of Winona and their proximity
to area schools, Highway 61, the multiple-use path and adjacent
parklands, and the City's planned Upper Mississippi River Interpretive
Center.
The restored wetlands will be used to educate the public on the
importance of wetlands and the degradation of area wetlands by
loosestrife. Visitor/user potential and interpretive and environmental
education needs of the two restored areas will be assessed; an overlook
and interpretive signage will be constructed at one of the sites. Wetland
exhibits will be erected in the adjacent Tourist Information Center.
Wetlands educational activities/tours/traveling displays will be
developed. Post-restoration visitor use and interpretive plan
effectiveness will be evaluated.
During and after restoration, the two wetlands will provide an
opportunity for wetlands environmental interpretation and education in an
urban environment. Public interpretive efforts will be maximized by
bringing wetlands awareness to the large population presently using the
adjacent multiple-use path. The close proximity of the wetlands to

Winona Stale University, St. Mary's College, and local high, middle, arid
elementary schools will provide for student environmental education arid
research opportunities. Media contact with the public during restoration,
informational materials for visitors during and after restoration, and
evaluation and modification of interpretive/educational programs will
help generate public understanding and support for wetlands conservation.
E. Purple Loosestrife Management
Purple loosestrife has degraded wetland habitats throughout the
eastern United States, often forming monotypic stands across entire
wetlands. It out-competes most native wetland plants, reduces plant
diversity, and results in a loss of animals that depend on native plants for
food and cover.
Minnesota is the first state to develop a comprehensive program to
control the spread of loosestrife. Mechanical and chemical control
methods currently are in use to control the weed in many localities, and
biological control is a future hope. However, dense stands of loosestrife,
such as those dominating the proposed restoration sites, do not respond to
typical control measures. The propose project would: 1) excavate areas to
increase water depths to inhibit loosestrife, 2) minimize shallow water
zones where loosestrife could become established, 3) revegetate wetland
areas with cattail, lotus, pickerel weed, lily, arrowhead, and wild rice,
and 4) revegetate upland areas with reed canary grass, river birch,
speckled alder, siver maple, green ash, red osier dogwood, willow, swamp
white oak, button brush, and false indigo. We recognize that reed canary
grass is an exotic, but it may be the only grass that forms dense enough
stands to compete with loosestrife on disturbed soil. Reed canary grass
also furnishes good waterfowl nesting cover, especially if it is
interspersed with shrubs. Dense shade created by trees and shrubs on
islands and burms will inhibite loosestrifre on drier soil.
Open water areas could be increased in size by removing sediment
from the site. However, the sediment serves as a seed bank, perhaps
containing 21,000 viable seeds per square meter (Klips, 1990). Therefore'
it will be retained on site, being used to bury existing stands of
loosestrife, and to create islands and buffer zones. Discussions with
loosestrife control experts (reference?) at USFWS Montezuma National

Wildlife Refuge (Seneca Falls, NY) indicate that these methods will
provide the most effective means for suppression and control of
loosestrife in the areas to be restored.
F. Benefits of the project
1. It would create high quality wetlands, replacing
poor quality wetlands dominated by purple loosestrife.
2. It would increase habitat diversity, thereby enhancing
wildlife populations.
3. It may develop new methods for managing loosestrife.
4. It would create wetlands in an urban environment, bringing
wetlands to the people.
5. It would enhance the beauty, natural environment, and
serenity of the multiple-use path running adjacent
to the wetlands.
6. It would result in removal of nutrients from storm water.
7. It would beautify an area now blighted with monotypic
stands of loosestrife.
8. It would create habitat for amphibian reproduction in an
area where such habitat is scarce.
9. It would enhance the education of students and the public
about the value of wetlands.
10. It will create a living laboratory for university
researchers.
11. It will provide hands-on experience for children and
adults who volunteer to assist in the restoration.
G. Detriments of the project
1. It will be expensive.
2. It will necessitate the expenditure
of fossil fuels.
3. It will require an intensive public education effort to allay
fears of increased mosquito production, arid to convince
the general public that marshes are desireable.
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V. Riverbend industrial Park Project
A. Introduction
Because it is located on the Mississippi River floodplairi, and
confined by flood levees and rugged bluff land, Winona is desperately short
of land for industrial expansion. The city needs industrial land to remain
economically healthy. The only area zoned for heavy industry with
significant area yet to be developed is Riverbend Industrial Park located
east of Mankato Avenue between the lake outlet ditch and Highway 61-14
(Figure ). There are 124 acres available for development including 28
acres already sold to Badger Foundry for disposal of foundry sand.
Because the Badger Foundry site is not classified as wetland, no filling
permits are required there (Bob, is this correct?) The long range plan of
the city is to develop industrial land on the bluff tops which rise almost
600 feet above the city. However, it will be very expensive and energy
intensive to extend water and sewer lines to that elevation, industrial
expansion to the bluff tops would also detract from the beauty of the
scenic area arid pose a pollution threat to ground water in an area
characterized by karst topography.
The City of Winona's master plan calls for the development of
Riverbend, and the Port Authority of Winona places high priority on its
filling and development, in recent years, both the City of Winona and the
Port Authority have supported applications to fill portions of Riverbend.
These permit applications were to: 1) fill 8 acres to construct Frontenac
drive, 2) fill 7 acres between Frontenac drive and the lake outlet ditch
for Renk Trucking, 3) develop an incinerator site for Winona County, and 4)
fill 81 acres, including the incinerator site, in conjunction with the
dredging of Lake Winona.
Frontenac Drive is designed to divert truck traffic from Mankato
Avenue directly to the large industrial area in the east end of Winona. The
1988 traffic map at the Eighth Street-Mankato Avenue intersection shows
11,500 vehicles per day passing through a residential area. A grade school
is located at that intersection.
8. Construction
This proposed project would fill the site of Frontenac Drive and all
remaining lowlands within Riverbend (96 acres total) at one time, rather
than doing it piecemeal. The entire area would be filled to a depth of 8

feet with sand dredged from the lake. Ninety acres would then be topped
with 3 feet of muck dredged from the lake. Frontenac drive would not be
covered. The muck would dry to a depth of 1.5 feet. The project would
also benefit Lake Winona, providing a window of opportunity for dredging
that will never exist again. It would also defray part of the cost of
dredging Lake Winona because Riverbena land would sell for about $25,000
per acre when filled. The cost of the dredged sand fill would be about
$26,875 per acre. An additional cost of about $12,000 per acre for
streets arid utilities would be borne by the city and is not reflected in the
selling price of the land. The cost of pumping muck to Riverbend would be
charged soley to the Lake Winona project, however, because it would not
benefit Riverbend. Prior to filling Riverbend, the existing trees would be
cleared at a cost of about $20,000.
The wetland within Riverbend is typified by plant species that are
indicators of wetlands, but they constitute a relic flora which will
probably be replaced by upland species. As explained previously, the area
is kept relatively dry by the pumping station on the the lake outlet ditch.
Presently (Spring, 1990), the Riverbend site is being studied by two
faculty and two students from Winona State University. Studies include
detailed mapping, vegetation analysis, wildlife observations, and wetland
quality as determined by Habitat Evaluation Procedure (HEP) and Wetlands
Evaluation Techniques (WET).
C. Benefits of project
1. it will provide badly-needed industrial space and
employment.
2. It will concentrate industry in one place, away from
residential and scenic areas.
3. It vvi 11 reduce truck traffic near a school and in
residential areas.
4. It will enable a doomed area to be filled in a planned
manner, rather than have it filled piecemeal.
5. It will provide the only possible disposal area for
sand dredged from Lake Winona.
6. It will provide temporary storage for muck dredged
from Lake Winona.
D. Detriments of the project
1. it will destroy
acres of Type
wetland.

VI. Lake Winona Dredging project
A. Introduction
Dredging would be confined to the east lake, which has a watersurface area of 215 acres; 163 acres are less than 15 feet deep and
consequently support dense growths of nuisance aquatic plants, primarily
curly leafed pond weed (Po t a rn o ge t o n cri s o u s). Based on 1irnnol ogi cal
studies done by Winona State University, the Lake Winona Committee has
recommended that large areas of the lake be deeped to 16 feet to control
weed growth, remove sediments that have a high biochemical oxygen
demand and are rich in nutrients, and to increase the volume of the lake.
Because area residents hold the lake in such high regard as a recreational
and scenic resource, the Winona City Council has adopted the dredging of
Lake Winona as a goal.
The average depth of the east lake is 8 feet. About 49:1 of the east
lake is 5 feet or less in depth. About 73% is 10 feet or less in depth. Only
10:1 is 15 or more feet deep. Lake sediments were sounded on May 28,
1986, revealing that the lake is underlain with 8 to 20 feet of "muck"
which is underlain with sand. The upper stratum of the muck layerconsists of a sapropel-copropel layer varying in depth from about 6 inches
in shallow areas to over 4 feet in deep areas. The lower muck strata are
composed mainly of silt deposited by floods of Gil more Creek. Muck is
not suitable for industrial fill, but sand is ideal.
B. Construction
The City Council accepted a feasibility report from Robert Boll ant
(Director of Public Works) on April 27, 1987 recommending that Riverbend
be filled by dredging sand from a 24-acre deep hole at the extreme east
end of the lake arid then dredging 950,000 cubic yards of muck into the 24acre excavated hole. Approximately 80 acres of the lake could thus be
deeped from an 8-foot depth to a 16-foot depth. A containment boom (silt
curtain) would be constructed from the point by the hospital to a point
southerly of Hamilton Street to contain sediment during the muck dredging
operation. Robers Dredging Company of LaCrosse, Wisconsin has used
these containment curtains arid found them effective.
The 80-acres to be deepened to a 16-foot depth would be along the
northerly shore which is the most heavily used area of the lake. (Is this

the right area??) Added to the 52 acres already greater than 15 feet
deep, this would make 132 acres of the lake deeper than 15 feet.
After the April 27, 1987 feasibility report was accepted by the City
Council, the Lake Winona Committee approached the Port Authority,
requesting that as much muck as possible be pumped out of the lake. The
Port Authority agreed to allow placement of 3 feet of muck atop the
dredged sand fill at Riverbend. When dry, the muck would shrink to a depth
of about 1.5 feet and could be recovered as top soil. Frontenac Drive
would not be covered, leaving 90 acres to receive 450,000 cubic yards of
muck. Cost of dredging are as follows:
Cost of dredging 1,280,000 cubic
yards of sand to Riverbend @ $2.00
per cubic yard
$2,560,000
Cost of dredging 450,000 cubic
yards of silt-muck to Riverbend
@$2.00 per yard
$900,000
Cost of dredging 500,000 cubic yards
of silt-muck into 24-acre hole at
$ 1.20 per cubic yard
$600.000
$4,060,000
(Bob, Would the 24-acre hole then only be half as full as it
would have been according to the April 27, 1987 feasibility report?)
C. Benefits of the project
1. It would deepen
acres of the lake, thus inhibiting the
growth of nuisance aquatic weeds and indirectly reducing
stunting of panfish.
2. it would increase the aesthetic appeal of the lake.
3. it would increase the volume of the lake, thus providing
addditional living space for fish and increased storage of
dissolved oxygen.
4. it would remove sediments that supply nutrients directly to
rooted aquatic rnacrophytes and indirectly to phytoplankton
via the water column.
5. it would remove sediments that have a high biological
oxygen demand (BOD), thus reducing the degree of hypoxia
at the mud-water interface and the consequent release of
phosphorus.

6. By reducing the BOD of sediments, it may make the lake
bottom habitable to benthic fish-food organisms.
7. It will probably make it unnecessary to run aerators, at
least for a number of years.
8. It will extend the useful life of the lake.
D. Detriments of the project
1. It will be expensive.
2. it will necessitate the expenditure of fossil fuels.
3. Suspension of high BOD sediments during dredging may
cause fish kills.
VII. Mitigation - Background inforrnation
On February 7, 1990., the final memorandum of agreement (MOA)
between the U.S. Army Corps of Engineers (USAGE) and the U.S.
Environmental Protection Agency (EPA) outling the procedures for
determining the type and level of wetlands mitigation necessary to meet
the requirements of Section 404(b)(1) of the Clean Water Act became
effective (Sport Fishing Institute, 1990).
The final MOA, which changed some of the provisions of the original
November 15,
document, involved months of negotiations between
the USAGE, EPA and the White House. The MOA is meant to provide internal
guidance to USAGE and EPA staff on how to implement existing Section
404 permit regulations. The MOA notice was published in the Federal
Register on February 15, 1990.
While the MOA has been described by the USAGE as being consistent
with President Bush's goal of no overall net loss of wetlands, it by design
apparently falls short of establishing such as national policy. The task of
developing recommendations on a national no net loss policy has been
delegated to the Domestic Policy Council's Inter-Agency Task Force on
Wetlands.
The following sections deal with the feasibility of mitigating for
loss of
acres of Type
wetlands if Riverbend is filled. We
understand that no mitigation would be necessary for dredging Lake
Winona.
VIII. Storm Sewer Diversion as a Mitigation Measure
A. Introduction
The previously discussed MOA probably would not include storm

sewer diversion as a mitigation measure for lost wetlands because the
rn e a s ure w o u1d not create ne w w e11ands or r e s t ore wetlandswhich ha v e
been degraded. Nevertheless, this measure has been suggested. It is
included here because considerable time and effort have been expended to
determine its feasibility.
it would obviously be desireable to intercept nutrient-charged
s t orrn w a t er w hic h ent er s Lake Winona vi a its s t orrn sewers. Lake
Winona's weed problem is due largely to the lakes shallowness, but also
due to its highly eutrophic status. In addition to nutrients such as lawn
fertilizers, storm sewers also contribute tree leaves and grass clippings
that supply additional nutrients and have a high biochemical oxygen
demand, as well as debris, sand, silt, oil and potential toxins.
Un f or t una t e y, se w er c ons truc tion in Winona is a v er y c o rnp1e x,
expensive process because: 1) the water table is so close to the surface
that most sewers are submerged, 2) the sandy soils are very porous
allowing rapid infiltration, 3) the gradient to the lake outlet ditch is so
slight that flow would be slowed, 4) the sewer interceptor would be
partially filled with water at all times, lessening its capacity to handle
storm surges, 5) building a sewer below the water table necessitates sand
- point well fields, manifolds and pumps to dewater construction sites,
and 6) it may be necessary to construct a lagoon to remove phosphorus
f r om the s t orrn w aterbeforeitisdisc harged in t o t he ri v er.
8. Construction
The storm sewer diversion would consist of intercepting all the
storm sewers emptying into the east lake along the north shore and
constructing an interceptor storm sewer along the north shore easterly
past Lake Winona to discharge into the lake outlet ditch east of Mankato
Avenue (Figure
). The pumping station located on the outlet ditch
would assure free fall of storm water into the ditch, even during flood
time.
The proposed interceptor is based on a five -year design, for which
the major part of the city is designed. This means, theoretically, that the
storm sewer interceptor line would be overloaded once every five years.
It is assumed that the overflow would flow directly into Lake Winona.

This periodic flushing may be especially detrimental because the flush
may contain nutrient-rich sediments accumulated during periods of low
precipitation.
The following cost estimate is for the east lake only. Running an
interceptor line along the north side of the west lake would at least
double the cost because of increased distance from the outlet ditch. We
conclude that the construction of a storm interceptor sewer line is not
economically feasible at this time.
INCLUDE BOB's cost table here (Table XX)
C. Benefits of the project
1. It would decrease loading of nutrients, high BOD detritus,
debris, sediment, oil, animal feces, and potential toxins.
2. It would reduce the chances of chemical and oil spills into
the lake.
3. It would increase the effective life of the lake.
D. Detriments of the project
1. It would be prohibitively expensive.
2. Construction would cause temporary damage to parkland
and disruption of traffic.
3. It would cause the expenditure of fossil fuels and
rionrene w ab1e res ourc e s.
IX. Marsh Restoration as a Mitigation Measure
A.Introduction
This project proposes to restore two city-owned wetlands adjacent
to Lake Winona within the City of Winona (Figure ). West Marsh comprises
12.5-acres and is bounded by K-Mart Shopping Center, the Lake Winona
bike path, and Trunk Highway 61. East Marsh comprises 18.9-acres and
runs eastward from Huff Street between the Lake Winona bike path and
Trunk Highway 61. Both area are presently overrun with the noxious exotic
weed, purple loosestrife (Luthrum salicaria). which must be controlled by
the city under Minnesota statute. The proposed restoration will: 1) lead to
the management of the purple loosestrife now dominating the areas, 2)
provide improved habitat for native wetland biota, 3) impound storm water
runoff to reduce nutrient loading into the lake, and 4) establish the
wetlands as areas for environmental interpretation and education. The
project will be a cooperative effort involving Winona State University
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faculty (pre-restoration planning, environmental studies, interpretive
planning) and WSU students (environmental studies, class projects), the
City of Winona (engineering, construction), the Lake Winona Committee
(overlook construction), and area citizens (revegetation, volunteerefforts). Visitor access to the restored areas will be provided by
connecting access points to an extensively used, asphalted, multiple-use
path that presently encircle the lake. Public access will be improved.
Revegetation with a variety of native wetland plants differing in texture,
height, and color will relieve the present single-species monotony and
enhance the wetlands* aesthetic appeal for visi tores. The greater arid
more typical diversity also will make the wetland a model wetland for
local primary and secondary schools, irregular contours of shorelines and
islands will aesthetically improve the appearance of the areas which are
presently dissected with straight ditches and dikes.
The proposed restorations have been discussed with personnel of the
Wisconsin Department of Transportation and the Wisconsin department of
Natural Resources who were involved directly with the restoration of
degraded wetlands within the City of Madison and linked to the Yahara
River as mitigation for highway construction. Additional discussions of
the proposed project have involved personnel from a variety of
organizations and agencies that are involved in wetlands assessment,
management, and restoration, including the Minnesota Department of
Natural Resources, US ACE Waterways Experiment Station (Vicksburg, MS),
US ACE (St. Paul District), USFWS Upper Mississippi River National Fish and
Wildlife Refuge (Winona), USFWS Montezuma National Wildlife Refuge
(Seneca Falls, NY), USFWS Trempealeau National Wildlife Refuge
(Trempealeau, Wi), arid biologists from St. Mary's College (Winona, MN).
The project will use the intensively studied Weaver Bottoms of the
Mississippi River and Trempealeau National Wildlife Refuge as reference
wetlands. The Weaver Bottoms Rehabilitation Project has been very
successful, receiving the 1989 Chief of Engineers Award of Excellence,
the USACE's highest award for projects worldwide, it was also selected
as the top project in the Environmental category; in the 20-year history of
the awards program it was the first project from that category to win the
top award, in 1988, this project also received the environmental

engineering grand prize from the Minnesota Consulting Engineers Council
of Minnesota. The primary research work for the Weaver Bottoms
Reclamation Project was done in 1975-1978 by Winona State University
and St. Mary's College personnel under contract with the USACE and the
USFWS.
Prior to restoration, the two areas will be assessed to determine: 1)
the nature of the existing physical habitat, 2) the present dominance of
loosestrife, 3) the use of loosestrife-dominated areas by wildlife, arid 4)
the current status and distribution of native wetland plants and animals.
Recent high-altitude infrared arid true-color stereoscopic photos from the
USFWS Long-Terrn Resources Moni toring (LTRM) Prograrn will be used to
make detailed base maps and to plot plant distribution. Ground truthing
will ensure the accuracy of plant distribution maps. Preliminary surveys
of habitats, water chemistry, plants, and animals are presently underway,
but thorough inventories are needed to adequately document the state of
the present wetlands and their plant and animal residents.
Post-restoration monitoring and inventory will be done intensively
during the first two years subsequent to restoration. Water chemistry and
changing plant and animal communities will be monitored and compared
statistically and/or photographically with those in reference wetlands
(Weaver Bottoms and Trempealeau National Wildlife Refuge). Highaltitude infrared and true-color photographs from LTRM also will be used
to assess vegetational changes in the restored areas. Because of the
wetlands' proximity to Winona State University, long term observations
will be routinely done as field work in limnology, ecology, and entomology
classes. Theswe data will be valuable to thoose conducting similar
re s t ora tion pro j e c t s
B. Restoration of West Marsh
West Marsh consists of 4.3 acres dedicated to the city as wet lands
in conjunction with K-Mart development and 8.2 acres owned outright by
the city. Existing ground elevation is 12-18 inches above normal water
level. Presently,
acres of the marsh are open water. The plan calls for
excavating the marsh (with dragline) to an average elevation of 2 (3 is
preferable) feet below normal water level to an elevation of 644.5 feet

above sea level. It will be difficult to pile the excavated material
greater than 4-5 feet high due to its soupy characteristics. The
excavation will create 6.7 acres of open water which will be planted with
native aquatic plants. Newly created burrns will be planted with native
floodplain trees and shrubs; especially those that have wildlife value. The
cost of excavation 32,400 cubic yards of material @ $2.00 per cubic yards
is $64,800. The restored marsh will be connected to Lake Winona by an 18inch(?) culvert which is presently in place. The culvert's present grating
will be retained to prevent carp access to the marsh. We plan to lower the
level of Lake Winona one foot prior to construction to partially dewater
the soil and make it easier to excavate and pile.
C. Restoration of East Marsh
. During times of normal lake level there is no open water in East
Marsh. The plan calls for excavating 11.4 acres to an average depth of
2(3?) feet below normal water level to an elevation of 644.5. Excavated
material will be piled around the perimeter of the site and also within the
site as needed, creating islands. An (
footX
foot) area east of and
adjacent to Huff Street will be filled with excavated material and
reserved for a hangglider landing area. The restored marsh will have no
connection with the lake. The burrn upon which the bike path is built will
act as a dike allowing water elevation in the restored marsh to be raised
one foot by runnoff and input of storm sewers. The one-foot rise will be
made possible by installing a sill in each of the three culverts which
presently drain the area. The marsh will be replanted with native aquatic
plants. Burrns and islands will be planted with trees and shrubs as in the
K-Mart area. The cost of excavation will be about $96,171.
D. Development of Environmental Interpretation/Education
Materials and Curricula
In the continental United States, more than half of the original
wetlands have been destroyed. The situation is most severe in and around
urb an are a s w here f e w w e11 an ds have gone undr aine d or undeveloped.
However, their potential for environmental interpretation and education
makes urban wetlands some of the most essential in the nation.
Urban wetlands are important because they are accessible to large
numbers of people on a regular basis. According to Ralph Rogers, U.S.
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Environmental Protection Agency wetland specialist for the state of
Oregon, "Wetlands exist out of the city, but the most convenient way for
most people to learn about them is in the city." By the year 2000,
projections indicate that 90% of all Americans will live in urban areas.
The great majority of Americans likely will learn and care about wetlands
only through trips made to urban wetlands.
Cities across the U.S. have begun restoring, protecting, arid
preserving their urban wetlands. These wetlands provide valuable habitat
for a wide range of plants and animals, including threatened or endangered
species. Some cities now use wetlands to cleanse stormwater runoff arid
sewage effluent. By incorporating hiking trails, picnic areas, interpretive
programs, arid educational activities into their management plans, cities
have been able to cultivate public understanding and support for wetlands
conservation.
The proposed projects will serve vital interpretive/educational and
research functions because of their proximity to Winona State University
arid St. Mary's College. Their interpretive and educational mission will be
enhanced by their location within the City of Winona and their proximity
to area schools, Highway 61, the multiple-use path and adjacent
parklands, arid the City's planned Upper Mississippi River Interpretive
Center.
The restored wetlands will be used to educate the public on the
importance of wetlands and the degradation of area wetlands by
loosestrife. Visitor/user potential and interpretive and environmental
education needs of the two restored areas will be assessed; an overlook
and interpretive signage will be constructed at one of the sites. Wetland
exhibits will be erected iri the adjacent Tourist Information Center.
Wetlands educational activities/tours/traveling displays will be
developed. Post-restoration visitor use and interpretive plan
effectiveness will be evaluated.
During and after restoration, the two wetlands will provide an
opportunity for wetlands environmental interpretation and education in an
urban environment. Public interpretive efforts will be maximized by
bringing wetlands awareness to the large population presently using the
adjacent multiple-use path. The close proximity of the wetlands to

Winona State University, St. Mary's College, and local high, middle, and
elementary schools will provide for student environmental education and
research opportunities. Media contact with the public during restoration,
informational materials for visitors during and after restoration, and
evaluation and modification of interpretive/educational programs will
help generate public understanding and support for wetlands conservation.
E. Purple Loosestrife Management
Purple loosestrife has degraded wetland habitats throughout the
eastern United States, often forming monotypic stands across entire
wetlands, it out-competes most native wetland plants, reduces plant
diversity, and results in a loss of animals that depend on native plants for
food and cover.
Minnesota is the first state to develop a comprehensive program to
control the spread of loosestrife. Mechanical and chemical control
methods currently are in use to control the weed in many localities, and
biological control is a future hope. However, dense stands of loosestrife,
such as those dominating the proposed restoration sites, do not respond to
typical control measures. The propose project would: 1) excavate areas to
increase water depths to inhibit loosestrife, 2) minimize shallow water
zones where loosestrife could become established, 3) re vegetate wetland
areas with cattail, lotus, pickerel weed, lily, arrowhead, and wild rice,
and 4) re vegetate upland areas with reed canary grass, river birch,
speckled alder, siver maple, green ash, red osier dogwood, willow, swamp
white oak, button brush, and false indigo. We recognize that reed canary
grass is an exotic, but it may be the only grass that forms dense enough
stands to compete with loosestrife on disturbed soil. Reed canary grass
also furnishes good waterfowl nesting cover, especially if it is
interspersed with shrubs. Dense shade created by trees and shrubs on
islands and burms will inhibite loosestrifre on drier soil.
Open water areas could be increased in size by removing sediment
from the site. However, the sediment serves as a seed bank, perhaps
containing 21,000 viable seeds per square meter (Klips, 1990). Therefore'
it will be retained on site, being used to bury existing stands of
loosestrife, and to create islands and buffer zones. Discussions with
loosestrife control experts (reference?) at USFWS Montezuma National
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Wildlife Refuge (Seneca Falls, NY) indicate that these methods will
Pr o vide t h e rn o s t ef f e c tiv e rn e ans f or s uppre s si o ri and c on tr o 1 o f
loosestrife in the areas to be restored.
F. Benefits of the project
1. it would create high quality wetlands, replacing
poor quality wetlands dominated by purple loosestrife.
2. it would increase habitat diversity, thereby enhancing
wildlife populations.
3. it may develop new methods for managing loosestrife.
4. It would create wetlands in an urban environment, bringing
wetlands to the people.
5. It would enhance the beauty, natural environment, and
serenity of the multiple-use path running adjacent
to the wetlands.
6. it would result in removal of nutrients from storm water.
7. it would beautify an area now blighted with monotypic
stands of loosestrife.
i3. It would create habitat for amphibian reproduction in an
area where such habitat is scarce.
9. it would enhance the education of students and the public
about the value of wetlands.
10. 11 w ill c re a t e a 1i vin g lab ora t ory f or universi t y
researchers.
1 1. It will provide hands-on experience for children and
adults who volunteer to assist in the restoration.
G. Detriments of the project
1. It will be expensive.
2. It will necessitate the expenditure
of fossil fuels.
3. it will require an intensive public education effort to allay
fears of increased mosquito production, and to convince
the general public that marshes are desireable.
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A PLAN FOR INDUSTRIAL PARK CREATION, LAKE DREDGING, AND WETLAND
RESTORATION AT WINONA, MINNESOTA
by
Calvin R. Fremling, Professor of Biology, Winona State University
Robert J. Boll ant, Director of Public Works, City of Winona
Neil D. Mundahl, Assistant Professor of Biology, Winona State University
i. Introduction and Acknowledgements
T his d o c urnen t pr o vid e s in f orma ti o n p ertinen11o: 1) c re a ting an
industrial park within Winona's flood dikes by filling a drained wetland
with dredged material, 2) deepening the east basin of Lake Winona by
dredging, thus improving the shallow, eutrophic lake and providing the
necessary fill for the industrial park, and 3) mitigating the loss of
wetland within the industrial park by restoring degraded wetlands
adjacent to Lake Winona(£4^41^I )•
We are indebted to Carol A. Jefferson (Professor of Biology, Winona
State University) and Phillip C. Whit ford (Assistant Professor of Biology,
Wi nona State Uni vers11y) f or advice and supervi si on of the foil o wi ng
students who did individuaLresearch studies m the project areas during
t h e spnng o f A990: Je f i $t c rigmenauer, Je f ftHJa rnbre t z, Bruc e E bnet, K aren M >
Babitt, Angie Remus, Rachersiaby and JohrrSrancich. George Heckman,
who helped dredge the lake in the the 1950's, provided historical
information and technical advice. Charles Robers (Robers Dredging
Company) provided technical advice and conducted sediment studies. (List
DNR personnel, etc here).
II. Natural Setting
The following information is extracted from Fremling and Heins
(1986), Fremling, et al. (1989) and Wright (1989). Winona is located in
southeastern Minnesota in what is commonly called the Drift!ess Section
of the Central Lowland Province West of the Mississippi River (Figure^).
The Driftless Section includes most of southwestern Wisconsin, parts of
southeastern Minnesota, and northeastern Iowa. It has been called
"driftless" because for years no evidence of glaciation, such as glacial
drift, could be found in the section. Recent investigations, however, have
found erratics and alluvium believed to be of glacial origin. Thus, it now

appears that the section was glaciated, at least very early during the ice
age.
The floor of the valley at Winona lies as much as 600 feet below the
flat agricultural upland surface (FigureJ!). It is important to realize that
Winona is not surrounded by hills. Rather, Winona lies at the bottom of a
deep trench cut through the typical, flat midwest topography that makes
up the top of the surrounding plateau.

Most bedrock in the Drift!ess Section is mantled by variable
thicknesses of unconsolidated river, wind, swamp or lake sediment
deposited within the recent geologic past, in the Winona vicinity,
however, erosion by the Mississippi River and its many tributaries has
exposed bedrock that is easily seen in the many river valleys and bluffs.
Paleozoic rocks overlie Precambrian rocks throughout the Driftless
Section (Figure^. The Paleozoic rocks are relatively flat-lying
sandstones, dolomites and shales that have a combined thickness in
excess of 1,000 feet in some parts of the area. The rocks were formed
from sediment deposited by successive marine inundations occurring
during the Cambrian, Ordovician and Devonian Periods (between
400,000,000 and 600,000,000 years ago). The sediments were later
compacted and cemented, forming sedimentary rocks.
The Mississippi River began its evolution about 500,000 years ago
as an ice-marginal stream, incising its valley into the soft sedimentary
rocks as it flowed along the edge of the Nebraskan glacier. The
development of the master stream caused a complex drainage network of
tributary streams to develop. The major period of valley downcutting
was very recent, occurring within the past 20,000 years.
The last of the Wisconsin glacial episodes climaxed about 14,000
years ago (Figures^%). Southeastern Minnesota was scarcely touched as
a glacial 1obe advanced frorn the northwest, passed west of Rochesterand
extended southward as far as Des Moines, iowa. About 12,000 years ago,
the lobe melted back into the Red River Valley and blocked its own
drainage route towards Hudson Bay via the Red River. Because of this
damming action, melt water was ponded in front of the retreating glacier,
forming Glacial Lake Agassiz, which covered much of northwestern
Minnesota arid parts of North Dakota, Ontario and Manitoba. For about
3,000 years, Glacial Lake Agassiz spilled over its southern rim, poured

down the Minnesota River Valley, and formed a large river called the
Glacial River Warren. The River Warren was many times larger than the
present Minnesota River, but carried little sediment. The Glacial St. Croix
River added sediment-free overflow from Glacial Lake Superior, rendering
the sediment-hungry Mississippi River capable of carrying all the
sediment added to it by tributary streams, with still enough erosive
acity to deepen the Mississippi channel by as much as 300 feet (Figure

As the most recent glacier retreated into Canada about 9,500 years
ago, its melt waters were once again able to drain to the north via the Red
River, and the River Warren lost the supply of sediment-free water
formerly contained in Glacial Lake Agassiz. Glacial ice also melted in
eastern North America, enabling the Great Lakes to drain freely through
the St. Lawrence River into the Atlantic Ocean. Consequently, the level of
Lake Superior dropped until it no longer overflowed into the Mississippi
via the St. Croix River. At this time, about 9,000 years ago, the modern
Mississippi River came into being.
Because the volume of flow of the Mississippi was reduced by loss
of glacial rneltwaters, and because its gradient was so gradual, the river
lost its ability to transport the sediment load carried in by its steepgradient tributary streams. This resulted in the valley slowly filling with
sediment to its present elevation. Tributary rivers (especially the
Chippewa) overloaded the Mississippi with sediment, causing it to change
from a single channel to a braided river consisting of many small ,
intertwined channels (Figure^). The City of Winona lies atop a large
sand bar which formed between two such channels. Even though the city
lies in an area not recently glaciated, it owes its location to the glacial
till which washed into the Mississippi from tributary streams.
Within the last several thousand years, erosion from the surrounding
highlands has resulted in formation of alluvial deltas at each point where
a tributary stream carries sediment into the Mississippi River valley.
Thus, an old channel of the Mississippi, which ran between Winona and the
Minnesota bluffs, was cut off from the rest of the river by deposition
from Garvin Brook (Figure fed) on its upstream end arid by deposition from
Burns Valley Creek on its downstream end. Gil more Creek added much of
its own sediment at about midpoint, dividing the long, isolated channel

into two lakes, known today as Boiler Lake arid Lake Winona.
During the early settlement period in the 1850's, Lake Winona was a
marshy lake that connected to the river at its downstream end during
flood time. As late as 1852, steamboats passed through the proposed
Riverbena industrial park arid Lake Winona on their way up Crooked Slough
during flood time. Because of severe soil erosion during the late 1800's,
the alluvial deltas of the various creeks increased in size, further

separating Lake Winona from the river. The raising of Mankato Avenue and
subsequent dike construction finally isolated Lake Winona from the river
during all river levels.
The soils of the floodplain are alluvial, varying in texture from silty
clay to sand. The composition of the soil depends upon the manner in
which the soil was deposited. The strata are composed of clay, silt, sand
arid gravel and are very irregular. Stream banks plainly show the varying
thicknesses of the different materials and in many places the lack of
continuity of the sand arid gravel layers above low water level. Sand and
gravel strips border most sloughs, but some of the larger, more elevated
areas between the sloughs are covered with heavy silty loam which is
uri d er1 a1n wit h s and or gr a v e1. Pri or t o irnp oundrnen t b y n a viga tion da rns
during the 1930's, these silty tracts were usually managed for hay
(Fremling, 1974).
III. History of the Project Area (1851-1970).
Captain Orrin Smith, owner of the steamboat "Nominee" is
acknowledged as the founder of the first settlement at Winona in 1851.
In spite of a history of flooding, Winona was settled rapidly because of its
easy access by steamboat. By 1870, Winona's population was 7,000 arid by
1890 it had swelled to 20,000. In addition to being a shipping point for
small grains and other commodities, Winona rapidly became the world's
greatest sawmill center. White pine and Norway pine logs were sent
downstream from the pineries of northwestern Wisconsin via the
Chippewa and St. Croix Rivers to the Mississippi, and then rafted
downstream to sawmills at Winona. The first sawmill opened in Winona in
1855; by 1892 the nation's four largest mills were producing 150 million
board feet of lumber and 90 million shingles, and were employing 2,000

men. River traffic and the lumber industry both reached their peak in
1892 when 5,468 steamboats passed through Winona. The pineries were
soon exhausted, however; the last raft of Wisconsin timber passed Winona
in 1915.
Excellent railroad connections have been available to Winonans since
the late 1800's when the city became the meeting place for five railroads.
However, the railroads spelled the death knell for most of the shallow
draft steamboats. By 1920, steamboats were scarce on the

river. It was not until the development of the 9-foot navigation channel in
the 1930's that towboats began to compete once more with railroads as
haulers of bulk commodities. Because of its access by modern deiselpowered towboats, Winona has becorne a rnaj or terrni na1 for grain,
especially corn and soybeans.
A. Riverbend Industrial Park
Because it developed as an early steamboat port and sawmill center,
Winona lies almost entirely wihin the floodplain of the Mississippi River.
Flooding has always been a threat to the city, but never was the threat of
a major disaster as great as it was during the record flood of April, 1965.
A 10.4-fnile-long temporary dike (levee), erected hastily during the flood,
saved the city. Subsequent to the flood, the portion of the dike from
Minnesota City to the interstate bridge was replaced by a permanent dike
authorized by the 1958 Flood Control Act (Stage I Project, completed in
1967). Yet, Winona still relied upon 4.3 miles of temporary dike that
extended downstream from the interstate bridge. The temporary dike was
expensive to maintain and aesthetically displeasing because it ran the
length of Levee Park. More important, the temporary dike was unreliable
because portions of it were constructed upon porous materials such as
sawdust deposits left from Winona's early sawmill days.
In 1974, Fremling et al. prepared an environmental impact
assessment report on the flood control project and waterfront
development at Winona for the U.S. Army Corps of Engineers in accordance
with the National Environmental Policy Act of 1969. The assessment
treated 1 1 river-oriented projects (including Riverbend Industrial Park),
but placed most emphasis on the environmental impact of the Stage II

Flood Control Project proposed for the City of Winona. The proposed Stage
il Dike was designed to complement the section of permanent dike
completed in 1967, resulting in complete flood protection for the city.
The 1974 assessment provided the basis for the "Final Environmental
Impact Statement, Flood Control Project and Waterfront Development,
Winona, Minnesota" (U.S. Army Corps of Engineers, St. Paul District, 1976).
M o s t o f t he folio wing in f orrna ti on is e x t r a c t e d f orrn the 19'7 4 a s s e s s rn e n t
and the 1976 statement.

The Stage i! Project for flood damage reduction on the Mississippi
River at Winona, Minnesota, described in House Document No. 92-152, 92d
Congress, 1st Session was authorized under Section 201 of the Flood
Control Act of 1965. The proposed flood control project was designed to
provide protection for the City of Winona against a Mississippi River flood
having an expected frequency of occurrence of about once in every 300
years.
Following the record flood of 1965, city representatives requested
that the. authorized dike be extended to provide flood protection for the
entire Winona riverfront, which was heavily damaged by 1965 flood flows.
At a public hearing held on September 9, 1965, in connection with the
existing authorized project, local interests again expressed concern over
the remaining flood hazards facing the community and requested that the
authorized dike be extended downstream to high ground below Lake Winona
to protect the industrial and commercial complex along the riverfront
(Figure^,$). Such a plan, they stated, would also remove the flood threat
from a large area of unused land land eastward of Lake Winona and would
provide growth opportunities for the city. This extension below Lake
Winona would replace the authorized alignment just below the existing
Lake Winona outlet structure. During the flood of 1965, virtually all of
the proposed Riverbend Industrial Park was under water. The large floods
of 1967 and 1969 further aroused the community in their desire for
additional flood control.
The 1976 Environmental Impact Statement stated, in various
sections, that "Much of the 1990 future land use plans for Winona are
based on attracting industry to the city. One of the cornerstones of those
plans involves the creation of Riverbend Industrial Park. The two-fold
purpose of the park is to not only attract new industry but to concentrate

existing industry within a controlled area. Completion of the River Bend
industrial Park, Phase II would provide employment, increase the tax base
for the city, and result in increased industrial volume throughout the city,
it would provide an incentive for industry to move from the city to a
planned, regulated area which is not residential. The area considered

would be protected by the proposed flood control project." It further
stated that" Much of the proposed development of industry in Winona is
predicated upon the construction and development of Riverbend Industrial
Park. Presently, that area consists of marginal river lands. Its
development will increase the tax base in Winona and increase land values
in the area, if Winona is to attain a population by 1990 such as that
proposed in the Land Use Plan, the Riverbend Industrial Park, or some
equivalent area will be needed for industrial development 1n order to
provide the necessary jobs to attract new residents. Concentration of
industry in Riverbend Industrial Park would help reduce all types of
pollution within the business and residential sections of the the city (e.g.
truck traffic, noise, odor, etc.). if it is desirable for the city to continue
to grow industrially, it is better to have industries move into pre-planned
parks which will not aesthetically degrade the scenic Winona environment
than it is for them to move into the surrounding valleys or for them to
continue the unnecessary monopolization of the waterfront, it also seems
more sensible to construct a permanent dike arid to locate industries
within it than it does to build the industries and then construct protective
dikes as an after thought."
On March 6, 1975, the Winona Port Authority applied for a Corps of
Engineers permit to dredge 731,000 cubic yards of sand in order to
construct a 36-barge fleeting area and cleanout facility on the right bank
of the Mississippi River at River Mile 722.5. The dredged material was to
be used as fill for Riverbend Industrial Park Phase il (Figured). On
October 25, 1975, the permit applicant submitted a revised plan, reducing
the proposed project in size to handle only 24 barges, but the quantity of
dredged material would remain the same. The Riverbend project called for
the filling of an 800-foot x 3,400-foot area of Riverbend industrial Park

to an elevation of 656.5 with sand dredged from the proposed fleeting
area. The fill which would be pumped from the fleeting area into
Riverbend would reduce the cost of both building sites because costs could
be written off on two projects.
The city's existing floodplain regulation (adopted in 1974) required
that the minimum elevation of the lowest structure within Riverbend

must be at least 659.0 elevation or at least one foot above the 100-year
frequency of flood. Because of the high cost involved in filling Riverbend
to this elevation, the city opted to pay their required share of the
additional cost for protecting Riverbend with the revised Stage II dike
system. City officials felt that after the dike was completed, affording
complete flood protection for Riverbend, regulations would probably be
modified to permit construction at a lower elevation.
An integral part of the Stage ii dike was a pumping station which
would lower the level of Lake Winona during flood time. Since Lake
Winona acts as sump for the city, lowering the lake also lowers the water
table beneath the city so that basements are not flooded by the seepage of
groundwater. The pumping station was to be placed in County Ditch No. 4
at a point 0.8 miles east of the temporary pumping station at Mankato
Avenue (the outlet of Lake Winona). As a result, the water level in County
Ditch No. 4 would always be kept lower than the level of Lake Winona (and
also below the level of Riverbend Industrial Park).
The portion of the Stage 11 dike running from Peerless Chain
Company to Highway 61 was to have been constructed upon or next to the
old Chicago and Great Western Railroad bed (Figure r f). The dike would
have destroyed a strip of marsh and upland vegetation somewhat wider
than the dike. It also would have enclosed (and thus endangered) 40.6
acres of Type i and !! wetlands just north of Highway 61. As a result of
comments on the Draft Environmental Impact Statement made by the U.S.
Department of the Interior and the Minnesota Department of Natural
Resources, the alignment of the dike was modified to exclude these
wetlands from the protected area (Figure$). The new dike alignment
protected the wetlands, but resulted in a commensurate loss of 40.6 acres
of potential industrial development land within Riverbend. The original

proposal was to have a roadway (Bundy Boulevard) utilizing the top of the
dike as a connecting link between Highway 61 and Riverbend. Because of
the new alignment, the city had to pursue other alternatives for
connecting Highway 61 to Riverbend. The alignment of Burns Valley Creek
also was changed so that it would be channelized from the sharp bend
located 986 yards upstream of the Highway 61 bridge down to a point
located 176 yards downstream from the bridge.

Plans for the previously mentioned 24-barge fleeting area near
Peerless Chain Company and an alternate mid-channel, 100-barge fleeting
area at River Mile 723 were abandoned, primarily because they were too
remote (about 7-mile round trip to the grain terminal in Crooked Slough),
but also for a variety of environmental concerns.
in the spring of 1974, the Riverbend area designated to receive fill
from the 24-barge fleeting area was cleared of trees (Figure^). Saleable
logs were removed, and all slash was burned during the summer of 1974.
A contract for stump removal was let during the fall of 1974.
Examination of stumps and suckers showed that, prior to clearing, the
area contained mature American elm (U1mus americanus). silver maple
(Acer saccharinurn). and sandbar willow (Salis interior). A 0.6-acre
wetland existed in the Phase M portion of the industrial park (Figure®). It
was subject to periodic flooding by spring runoff and by seepage of ground
water.
In a letter dated March 31, 1976, from the U.S. Environmental
Protection Agency, the District Engineer was advised that the filling of
Riverbend Phase il would not require mitigative measures in view of the
modification of the proposed dike alignment around the industrial park.
The letter also stated that the EPA remained opposed to the construction
of the 24-barge fleeting area because of the existence of other viable
alternatives. Riverbend Phase li was one of the sites that was being
considered for disposal of dredge materials resulting from Mississippi
River channel maintenance. The city also was advised that if the Phase il
Riverbend project was to be constructed, a permit in accordance with
Section 404 of the Federal Water Pollution Control Act Amendments of
1972 would be required.
Because the Winona Port Authority could not obtain permits to fill

Riverbend Industrial Park and develop a barge fleeting site below Peerless
Chain Company, it applied for permits in the Commercial Harbor. In 1977,
the Port Authority recieved permits to dredge, out a 33-barge fleeting area
and a barge staging area along the Crooked Slough channel and to fill 16
acres in the Commercial Harbor
Even though this was a very expensive project, the Port Authority
was able to obtain funding , and it completed the project in 1984. This

gave Winona one of the finest barge fleeting-staging areas adjacent to the
main channel of the entire Upper Mississippi River.
B. Lake Winona (1860-present)
The following is a summary of the complex modern history of Lake
Winona and the efforts to restore it as a multiple use resource. For
detailed lirnnological information, historical records, maps, etc., the
reader is referred to "A Lake Winona Compendium" (Fremling arid Heins,
1986) appended to this document.
Lake Winona, a 319-acre floodplain lake which lies within the City
of Winona in southeastern Minnesota (Figure/^, is highly eutrophic
because it receives nutrient-rich urban runoff from storm sewers of
Winona and Good view (Figures ip.m. The lake, flanked by state Highway
61, is the first Minnesota lake that many tourists see.
Because of soil erosion problems and the consequent tpahsporting of
agricultural soil into Lake Winona during floods of SiJjpafeTCreek, Lake
Winona has been dredged several times. The first cfedgirig occurred in
1913; dredged material was used tp construct take Park, Maxwell Field
and the Huff Street causeway. In tl|e 1930j's yie City of Winona purchased
a dredge and used it to fill lowlands east fi Franklin Street.^Jh^ project
w a ss u s p e n d e d d u r i n gW o r l dW a r II,b i d
r e s u m e di n ^ f e ^ ^
when the entire lake was dredged because it had again filled with soil
(Figure 12). The city-owned dredge was not used on this project, having
been moved to Latsch Beach on theiniisissippi River. The 195$-1952
dredging was done by the Walter MpGee Company using two dredges: the 12inch "Walter" and the 16-inch "Louis^" This dredging deepened the lake to
an average of 8 feet at a cost of $485,900, made holes as deep as 44 feet
along the lake's northern perimeter, provided the fill upon which the
hospital and high school were built, and destroyed the extensive wetlands
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which originally surrounded the lake. The lake was dredged again in 19571958, on a small scale, to improve the lake for swimming by eliminating
drop offs.
The fate of Lake Winona has been associated intimately with
Gil more Creek, which has been rerouted several times since 1885.
Because it has such a large watershed, Gil more Creek is especially prone
to flooding. At its maximum flow on July 21, 1951, Gilmore Creek carried
5,360 cfs (Upper Mississippi River Comprehensive Basin Study Committee,
1970). The Mississippi River at Winona, by comparison, at its minimum

flow on December 29, 1933, contained only 2,250 cfs. Many engineering
projects (channelization, diversions, darns and dikes) have been employed
to prevent Gilmore Creek flood waters and their sediments from damaging
the city and Lake Winona. Since 1944, Lake Winona has flowed into a flood
reservoir (Boiler Lake) before entering Lake Winona (Figure 1 1). This
diversion has prevented further siltation of the lake.
Winona's flood dike now isolates Lake Winona from the Mississippi
River. Lake Wi nona receives no water di rectly frorn the river, but its 1 eve1
rises arid falls with river level because the sand bar separating the lake
f r om the ri v er is v er y p or o u s. A p urnpingstation on the lake's ou11e t di t c h
maintains the lake level during flood time.
Severe winter kills in 1965 and 1969 allowed stunted buffalofish
(1ctiobus cuprinel 1us). carp (Cuprinus carpio). bullheads ( ictalurus melas).
and gizzard shad (0 or o s o rna cepedianum) to dominate the lake until 1973,
when a reclamation project was initiated to create a sport fishery, mainly
for children, the elderly and the handicapped. The Lake Winona Committee,
a non-profit corporation, raised funds, installed equipment, and
coordinated the cooperative efforts of the Minnesota Department of
Natural Resources, the City of Winona and Winona State University. Most
of the work was done by volunteers; virtually all equipment was purchased
by local contributors.
The reclamation of 1973 included: 1) installation of aeration
systems to prevent winter kills, 2) installation of an electric weir to
prevent rough fish from entering the lake from the river, 3) treatment of
the lake and tributary waters with rotenone to kill all fish, 4) cleanup of

over 225,000 pounds of dead fish (730 lbs/acre), and 5) restocking with
bluegills (Lepomis rnacrochirus). largemouth bass (Micropterus
salmoides). smallmouth bass (Micropt erus do! orni eui). northern pike (Esox
lucius). rnuskellunge (Esox masauinongu) arid walleyes (Stizostedion
vitreum).
Fishing was excellent during the first 10 years following
restoration, but bluegills and crappies became stunted, primarily because
of: 1) excessive cover provided by lush growth of exotic curlyleaf
pond weed (P o t a rn o g e t o n cris p u s) that proliferated after the rough fish

were killed arid the lake cleared, 2) insufficient predation, 3) insufficient
benthic invertebrates for food due to bottom sediments being anoxic, 4)
crowding, and 5) excellent spawning habitat existing along most of the
shoreline.
An Altosar weed cutter-harvester was purchased in 1982 and has
been used each summer to harvest nuisance aquatic plants. Northern pike,
bowfin (Amia calva) arid flathead catfish (Fylodictis olivaris) have been
stocked as predators to reduce numbers of bluegills. Fishing for northern
pike and bass remains good.
Three fishing piers have made the lake accessible to handicapped
fishermen. The lake is now encircled by an asphalted scenic path that is
used extensively by walkers, joggers, bicyclists, roller skaters, and
crosscountry skiers.
The physical and biological condition of the lake has been monitored
routinely by Winona State University, St. Mary's College and the Minnesota
Department of Natural Resources. Their data show that aeration is
essential to prevent winter kills, and that weed harvesting is prolonging
the useful life of the lake, but that the rate of eutrophication is
increasing due to storm sewer input. An interceptor sewer line should be
const ruc t e d t o p re v ent nutri ent -c harge d s t orrn w a t er f rom entering the
lake. However, the lake has accumulated enough nutrients (in the form of
organic sludge) since it was dredged in the early 1950's to last
indefinitely, even if a storm sewer interceptor line is constructed.
Construction of a storm sewer interceptor seems to be prohibitively
expensive at the present time because the entire line would have to be

constructed below the water table, necessitating expensive dewatering
with fields of sandpoint wells. The most feasible lake improvement
measure at this time appears to be extensive dredging to: 1) remove
nutrient-rich sludge that also has a high biochemical oxygen demand, 2)
make the lake so deep (at least 16 feet) that rooted aquatic plants would
have insufficient light to grow, and 3) increase the volume of the lake and
its capacity to store dissolved oxygen.

FIGURES
Fi gure 1. W a t ers h e d rnap s ho wing 1o c a tion o f Wino na .
Figure 2. Cross section through the immediate Winona area showing
location and relative thickness of sedimentary strata. Drawing by Dr.
Thomas N. Bayer, Geology Department, Winona State University.
Figure 3. See existing legends.
Figure 4. Self explanatory.
Figure 5. See existing legend
Figure 6. Map of Riverbend area showing 1974 vegetation and original plan
for Phase I! dike alignment.
Figure 7. Self explanatory.
Figure 8. 1974 plan for Riverbend industrial Park.
Figure 9. Self explanatory.
Figure 10. Map of Lake Winona and its watershed.
Figures 1.1-a, 11-fa. Use existing legends.

Figure 12.
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A PLAN FOR INDUSTRIAL PARK CREATION, LAKE DREDGING, AND WETLAND
RESTORATION AT WINONA, MINNESOTA
by
])r# C a 1 vin R. Frernling, Pro f 8 s s or o f Biology, Win o na S tale Uni v e rsi t y
Robart J. Bo]] ant, Director of Pub1i c Works, Ci1y of Wi nona
mmlb. Muridahl, Assistant Professor of Biology, Winona State University
I. Intr o duc tion and A c k n o w ledgern e n t s
T his do c urn en t pro vides in f orrna tion p ertine nt to: 1) c re a ting an
industrial park within Winona's flood dikes by filling a drained wetland
with dredged material from Lake Winona, 2) deepening the east basin of
Lake Winona by dredging, thus improving the shallow, eutrophic lake and
providing the necessary fill for the industrial park, and 3) mitigating the
loss of wetland within the industrial park by restoring degraded wetlands
adjacent to Lake Winona(Figure 1).
We are indebted tqjparol A. Jefferson (Professor of Biology, Winona
State University) ana Phillip C. Whitford (Assistant Professor of Biology,
Win o na State Uhiversi t y) f or a dv ice and supervisi on of the folio wing
students who did individual research studies in the project areas during
t h e s pri ng o f 1990: Je f f S c h e rn enauer, Je f f Ja rnbre t z, Bruc e Ebne t, K aren
Babitt, Angle Remus, Rachel Slaby and John Brancich. George Heckrnan,
who helped dredge the lake in the the 1950's, provided historical
information and technical advice. Charles Robers (Robers Dredging
Company) provided technical advice and conducted sediment studies.
Arthur Hawkins (U.S. Fish and Wildlife Service), Nick Gulden (Minnesota
Department of Natural Resources) arid William E. Green (U.S. Fish arid
Wi1 d1if e S e rvi c e, re tired) revi e w e d plans fort he p ro j e c t s a nd rna d e
va1uab 1 e suggestions.
(
II Natural Setting
The following information is extracted from Fremling arid Heins
(1986), Fremling^st al. (1989) and Wright (1989). Winona is located in
southeastern Minnesota in what is commonly called the Driftless Section
of the Central Lowland Province West of the Mississippi River (Figure 2).

The Drift!ess Section includes most of southwestern Wisconsin, parts of
southeastern Minnesota., and northeastern Iowa. It has been called
"drift]ess" because for years no evidence of glaciation, such as glacia]
dri ft, eou1 d be found 1n the section. Recent investi gati ons, however, have
found erratics and alluvium believed to be of glacial origin. Thus, it now
appears that the section was glaciated, at least very early during the ice
age.
Paleozoic rocks overlie Precambrian rocks throughout the Drift!ess
Section (Figure 3). The Paleozoic rocks are relatively flat-lying
sandstones, dolomites and shales that have a combined thickness in
excess of 1,000 feet in some parts of the area. The rocks were formed
from sediment deposited by successive marine inundations occurring
during the Cambrian, Ordovician and Devonian Periods (between
400,000,000 and 600,000,000 years ago). The sediments were latercompacted and cemented, forming sedimentary rocks.
The Mi ssi ssi ppi Ri ver began its evo1uti on about 500,000 years ago
as an ice-marginal stream, incising its valley into the soft sedimentary
rocks as it flowed along the edge of the Nebraskan glacier. The
development of the master stream caused a complex drainage network of
tri but ary s tre arns t o d e v e1 op. T he rn a j or p eri o d o f v alley d o w nc ut ting
was very recent, occurring within the past 20,000 years.
The last of the Wisconsin glacial episodes climaxed about 14,000
years ago (Figures 4,5). Southeastern Minnesota was scarcely touched as
a glacial lobe advanced from the northwest, passed west of Rochester and
extended southward as far as Des Moines, Iowa. About 12,000 years ago,
the lobe melted back into the Red River Valley and blocked its own
drainage route towards Hudson Bay via the Red River. Because of this
d arnrning a c tion, rne11w a t er w as p onde d in f ront o f t he re t re a ting g 1 a ci er,
forming Glacial Lake Agassiz, which covered much of northwestern
Minnesota and parts of North Dakota, Ontario and Manitoba. For about
3,000 years. Glacial Lake Agassiz spilled over its southern rim, poured
d o wn th e Minne s o t a R i v er V alley, and f orrne d a la rge rivercalled the
Glacia] Ri ver Warren. The Ri ver Warren was many ti rnes larger than the
present Minnesota River, but carried little sediment. The Glacial St. Croix
River added sediment-free overflow from Glacial Lake Superior, rendering

the sediment-hungry Mississippi River capable of carrying all the
sediment added to it by tributary streams, with still enough erosive
capacity to deepen the Mississippi channel by as much as 300 feet (Figure
fcb).
"
As the most recent glacier retreated into Canada about 9,500 years
ago, its melt waters were once again able to drain to the north via the Red
Ri ver, and the River Warren lost the supp1 y of sedi rnent-f ree water
formerly contained in Glacial Lake Agassiz. Glacial ice also melted in
eastern North America, enabling the Great Lakes to drain freely through
the St. Lawrence River into the Atlantic Ocean. Consequently, the level of
Lake Superior dropped until it no longer overflowed into the Mississippi
via the St. Croix River. At this time, about 9,000 years ago, the modern
Mississippi River came into being.
Because the volume of flow of the Mississippi was reduced by loss
of glacial meltwaters, and because its gradient was so gradual, the river
lost its ability to transport the sediment load carried in by its steepgradient tributary streams. This resulted in the valley slowly filling with
sediment to its present elevation. Tributary rivers (especially the
Chippewa) overloaded the Mississippi with sediment, causing it to change
from a single channel to a braided river consisting of many small ,
intertwined channels (Figure 6c). The City of Winona lies atop a large
sand bar which formed between two such channels. Even though the city
lies in an area not recently glaciated, it owes its location to the glacial
till which washed into the Mississippi from tributary streams.
!t is important to realize that Winona is not surrounded by hills.
Rather, Winona lies at the bottom of a 600-foot deep trench cut through
the typical, flat midwest topography that makes up the top of the
surrounding plateau (Figure 3).
Within the last several thousand years, erosion from the surrounding
highlands has resulted in formation of alluvial deltas at each point where
a tributary stream carries sediment into the Mississippi River valley.
Thus, an old channel of the Mississippi, which ran between Winona and the
Minnesota bluffs, was cut off from the rest of the river by deposition
from Garvin Brook (Figure 6d) on its upstream end and by deposition from
Burns Valley Creek on its downstream end. Gil more Creek added much of

its own sediment at about midpoint, dividing the long, isolated channel
into two lakes, known today as Boiler Lake and Lake Winona.
During the early settlement period in the 1850's, Lake Winona was a
marshy lake that connected to the river at its downstream end during
flood time. As late as 1852, steamboats passed through the proposed
Riverbend Industrial Park and Lake Winona on their way up Crooked Slough
during flood time. Because of severe soil erosion during the late 1800's,
the alluvial deltas of the various creeks increased in size, further
separating Lake Winona from the river. The raising of Mankato Avenue arid
subsequent dike construction finally isolated Lake Winona from the river
during all river levels.
The soils of the floodplain are alluvial, varying in texture from silty
clay to sand. The composition of the soil depends upon the manner in
which the soil was deposited. The strata are composed of clay, silt, sand
arid gravel and are very irregular Stream banks plainly show the varying
thicknesses of the different materials and in many places the lack of
continuity of the sand arid gravel layers above low water level. Sand and
gravel strips border most sloughs, but some of the larger, more elevated
areas between the sloughs are covered with heavy silty loam which is
under1ai n wi th sand or gravel. Pri or to irnpoundrnent fay navi gati on darns
during the 1930's, these silty tracts were usually managed for hay
(Fremling, 1974).
111. History of the Project Area
C ap t ain 0rri n Srni t h, o w ner o f the s t e a rnboat " Nomine e" is
acknowledged as the founder of the*first settlement at Winona in 1851.
in spite of a history of flooding, Winona was settled rapidly because of its
easy access by steamboat. By 1870, Winona's population was 7,000 arid by
1890 it had swelled to 20,000. in addition to being a shipping point for
small grains and other commodities, Winona rapidly became the world's
greatest sawmill center. White pine and Norway pine logs were sent
downstream from the pineries of northwestern Wisconsin via the
Chippewa and St. Croix Rivers to the Mississippi, and then rafted
downstream to sawmills at Winona. The first sawmill opened in Winona in

1855; by 1892 the nation's four largest mills were producing 150 million
board feet of lumber and 90 million shingles, arid were employing 2,000
men. River traffic and the lumber industry both reached their peak in
1892 when 5,468 steamboats passed through Winona. The pineries were
s o o n e x h aus t e d, ho w e v er; the 1a s t r a f t o f Wis e o nsin tirnberpassed Winona
in 1915.
Excellent railroad connections have been available to Winonans since
the late 1800's when the city became the meeting place for five railroads.
However, the railroads spelled the death knell for most of the shallow
draft steamboats. By 1920, steamboats were scarce on the river. It was
not until the development of the 9-foot navigation channel in the 1930's
that towboats began to compete once more with railroads as haulers of
bulk commodities. Because of its access by modern deisel-powered
towboats, Winona has become a major terminal for grain, especially corn
and soybeans.
A. Ri verbenti industrial Park

Because it developed as an early steamboat port and sawmill center,
Winona lies almost entirely wihin the floodplain of the Mississippi River.
Flooding has always been a threat to the city, but never was the threat of
a major disaster as great as it was during the record flood of April, 1965.
A 10.4-rnile-long temporary dike (levee), erected hastily during the flood,
saved the city. Subsequent to the flood, the portion of the dike from
Minnesota City to the interstate bridge was replaced by a permanent dike
authorized by the 1958 Flood Control Act (Stage I Project, completed in
1967). Vet, Winona still relied upon 4.3 miles of temporary dike that
extended downstream from the interstate bridge. The temporary dike was
expensive to maintain and aesthetically displeasing because it ran the
length of Levee Park. More important, the temporary dike was unreliable
because portions of it were constructed upon porous materials such as
sawdust deposits left from Winona's early sawmill days.
In 1974, Fremling et al. prepared an environmental impact
assessment report on the flood control project and waterfront
development at Winona for the U.S. Army Corps of Engineers in accordance
with the National Environmental Policy Act of 1969. The assessment
treated 1 1 river-oriented projects (including Riverbend Industrial Park),

but placed most emphasis on the environmental impact of the Stage ii
Flood Control Project proposed for the City of Winona. The proposed Stage
II Dike was designed to complement the section of permanent dike
completed in 1967, resulting in complete flood protection for the city.
The 1974 assessment provided the basis for the "Final Environmental
Impact Statement, Flood Control Project and Waterfront Development,
Winona, Minnesota" (U.S. Army Corps of Engineers, St. Paul District, 1976).
Most of the following information is extracted form the 1974 assessment
and the 1976 statement.
The Stage li Project for flood damage reduction on the Mississippi n
River at Winona, Minnesota, described in House Document No. 92-152, 92d
A
Congress, 1st Session was authorized under Section 201 of the Flood
Control Act of 1965. The proposed flood control project was designed to
provide protection for the City of Winona against a Mississippi River flood
having an expected frequency of occurrence of about once in every 300
years.
Following the record flood of 1965, city representatives requested
that the authorized dike be extended to provide flood protection for the
entire Winona riverfront, which was heavily damaged by 1965 flood flows.
At a public hearing held on September 9, 1965, in connection with the
existing authorized project, local interests again expressed concern over
the remaining flood hazards facing the community and requested that the
authorized dike be extended downstream to high ground below Lake Winona
to protect the industrial and commercial complex along the riverfront
(Figures 7,8). Such a plan, they stated, would also remove the flood threat
from a large area of unused land
eastward of Lake Winona and would
provide growth opportunities for the city. This extension below Lake
Winona would replace the authorized alignment just below the existing
Lake Wi nona ou11 et structure. During the fl ood of 1965, virtua11 y all of
the proposed Riverbend Industrial Park was under water. The large floods
of 1967 and 1969 further aroused the community in their desire for
additional flood control.
The 1976 Environmental Impact Statement stated, in various
sections, that "Much of the 1990 future land use plans for Winona are
based on attracting industry to the city. One of the cornerstones of those

plans involves the creation of Riverbend Industrial Park. The two-fold
purpose of the park is to not only attract new industry but to concentrate
existing industry within a controlled area. Completion of the Rive0j>9nd
Industrial Park, Phase I! would provide employment, increase the tax base
for the city, and result in increased industrial volume throughout the city.
It would provide an incentive for industry to move from the city to a
planned, regulated area which is not residential. The area considered
would be protected by the proposed flood control project." It furtherstated that" Much of the proposed development of industry in Winona is
predicated upon the construction and development of Riverbend Industrial
Park. Presently, that area consists of marginal river lands; Its
development will increase the tax base in Winona and increase land values
in the area. If Winona is to attain a population by 1990 such as that
proposed in the Land Use Plan, the Riverbend Industrial Park, or some
equivalent area will be needed for industrial development in order to
provide the necessary jobs to attract new residents. Concentration of
industry in Riverbend Industrial Park would help reduce all types of
pollution within the business and residential sections of the the city (e.g.
truck traffic, noise, odor, etc.). If it is desirable for the city to continue
t o gr o V'/ industrially, it is better t o ha v e indus tri e s mo v e in t o p re-p1anne d
parks which will not aesthetically degrade the scenic Winona environment
than it is for them to move into the surrounding valleys or for them to
continue the unnecessary monopolization of the waterfront. It also seems
more sensible to construct a permanent dike and to locate industries
within it than it does to build the industries and then construct protective
dikes as an after thought."
On March 6, 1975, the Winona Port Authority applied for a Corps of
Engineers permit to dredge 731,000 cubic yards of sand in order to
construct a 36-barge fleeting area and cleanout facility on the right bank
of the Mississippi River at River Mile 722.5. The dredged material was to
be used as fill for Riverbend Industrial Park Phase II (Figure 9). On
October 25, 1975, the permit applicant submitted a revised plan, reducing
the proposed project in size to handle only 24 barges, but the quantity of
dredged material would remain the same. The Riverbend project called for
the filling of an 800-foot x 3,400-foot area of Riverbend Industrial Park

to an elevation of 656.5 with sand dredged from the proposed fleeting
area. The fill which would be pumped from the fleeting area into
Riverbend would reduce the cost of both building sites because costs could
be written off on two projects.
The city's existing floodplain regulation (adopted in 1974) required
that the minimum elevation of the lowest structure within Riverbend
must be at least 659.0 elevation or at least one foot above the 100-year
frequency of flood. Because of the high cost involved in filling Riverbend
to this elevation, the city opted to pay their required share of the
additional cost for protecting Riverbend with the revised Stage li dike
system. City officials felt that after the dike was completed, affording
complete flood protection for Riverbend, regulations would probably be
rno di fie d t o p ermi t c o ns t ruc tio n a t a 1 o w er e1 e v a tio n.
An integral part of the Stage II dike was a pumping station which
would lower the level of Lake Winona during flood time. Since Lake
Winona acts as sump for the city, lowering the lake also lowers the water
table beneath the city so that basements are not flooded by the seepage of
groundwater. The pumping station was to be placed in County Ditch No. 4
at a point 0.8 miles east of the temporary pumping station at Mankato
Avenue (the outlet of Lake Winona). As a result, the water level in County
Ditch No. 4 would always be kept lower than the level of Lake Winona (and
also below the level of Riverbend industrial Park).
The portion of the Stage ii dike running from Peerless Chain
Company to Highway 61 was to have been constructed upon or next to the
old Chicago and Great Western Railroad bed (Figure 7). The dike would
have destroyed a strip of marsh and upland vegetation somewhat wider
than the dike, it also would have enclosed (arid thus endangered) 40.6
acres of Type i and I! wetlands just north of Highway 61. As a result of
comments on the Draft Environmental Impact Statement made by the U.S.
Department of the interior and the Minnesota Department of Natural
Resources, the alignment of the dike was modified to exclude these
wetlands from the protected area (Figure 8). The new dike alignment
protected the wetlands, but resulted in a commensurate loss of 40.6 acres
of potential industrial development land within Riverbend. The original
proposal was to have a roadway (Bundy Boulevard) utilizing the top of the
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dike as a connecting link between Highway 61 arid Riverbend. Because of
the new alignment, the city had to pursue other alternatives for
connecting Highway 61 to Riverbend. The alignment of Burns Valley Creek
also was changed so that it would be channelized from the sharp bend
located 986 yards upstream of the Highway 61 bridge down to a point
located 176 yards downstream from the bridge.
Plans for the previously mentioned 24-barge fleeting area near
Peerless Chain Company and an alternate mid-channel, 100-barge fleeting
area at River Mile 723 were abandoned, primarily because they were too
remote (about 7-mile round trip to the grain terminal in Crooked Slough),
but also for a variety of environmental concerns.
in the spring of 1974. the Riverbend area designated to receive fill
from the 24-barge fleeting area was cleared of trees (Figure 9). Saleable
1 ogs were removed, and a11 s1 ash was burned duri ng the sumrner of 1974.
A contract for stump removal was let during the fall of 1974.
Examination of stumps and suckers showed that, prior to clearing, the
area contained mature American elm (U1mus amencanus). silver maple
(Acer saccharinurn), and sandbar willow (Salix interior). A 0.6-acre
wetland existed in the Phase II portion of the industrial park (Figure 7). It
was subject to periodic flooding by spring runoff and by seepage of ground
water.
In a letter dated March 31, 1976, from the U.S. Environmental
Protection Agency, the District Engineer was advised that the filling of
Riverbend Phase il would not require mitigative measures in view of the
• modification of the proposed dike alignment around the industrial park.
The letter also stated that the EPA remained opposed to the construction
of the 24-barge fleeting area because of the existence of other viable
alternatives. Riverbend Phase II was one of the sites that was being
considered for disposal of dredge materials resulting from Mississippi
River channel maintenance. The city also was advised that if the Phase ii
Riverbend project was to be constructed, a permit in accordance with
Section 404 of the Federal Water Pollution Control Act Amendments of
1972 wouId be required.
Because the Winona Port Authority could not obtain permits tu fill
Riverbend Industrial Park and develop a barge fleeting site below Peerless

Chain Company, it applied for permits in the Commercial Harbor. In 1977,
the Port Authority received permits to dredge out a 33-barge fleeting area
and a barge staging area along the Crooked Slough channel and to fill 16
acres in the Commercial HarborEven though this was a veru expensive
project, the Port Authority was able to obtain funding , and it completed
the project in 1984. This gave Winona one of the finest barge fleetingstaging areas adjacent to the main channel of the entire Upper Mississippi
River.
8. Lake Winona*
The following is a summary of the complex modern history of Lake
Winona and the efforts to restore it as a multipleouse resource. For
detailed limnological information., historical records, maps, etc., the
re a der is re f erre d t o "A Lake W inona C o mp endiurn" (F rernling and Heins,
1986) appended to this document.
Lake Winona, a 319-acre floodplain lake which lies within the City
of Winona in southeastern Minnesota (Figure 10), is highly eutrophic
because it receives nutrient-rich urban runoff from storm sewers of
Winona and Goodview (Figures 11,12). The lake, flanked by State Highway
61, is the first Minnesota lake that many tourists see.
Because of soil erosion problems and the consequent transporting of
agricultural soil into Lake Winona during floods of Gil more Creek, Lake
Winona has been dredged several times. The first dredging occurred in
1913; dredged material was used to construct Lake Park, Maxwell Field
and the Huff Street causeway.
The following information about subsequent dredging was supplied
by George Heckrnan, Winona, MN, who participated in the dredging, in the
1930's the City of Winona purchased a dredge and used it to fill lowlands
east of Frank 1in Street. The proj ect was suspended duri ng Wor1 d Waril,
but was resumed after the war, when the entire lake was dredged because
it had again filled with soil (Figure 13). The city-owned dredge was used,
on a small scale, from 1946 to 1948 and then moved to Latsch Beach on
the Mississippi River. The 1951-1952 dredging was done by the Walter
McGee Company using two dredges: the 12-inch "Walter" and the 16-inch
"Louise." The original goals of the project were to remove "sea weeds" and
muck, and to expose a sand bottom by dredging to a depth of 8 feet (or
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even 10 feet if necessary). When dredging to the prescribed depth failed
to bare a sand bottom, the contractor was told to dredge downward until
he found sand. No sand was found, even though some areas were dredged to
a depth of 60 feet. This dredging deepened the lake to an average of 8 feet
at a cost of $485,900, made holes as deep as 44 feet (after caving of
steep sides) along the lake's northern perimeter, provided the fill upon
which the hospital and high school were built, and destroyed the extensive
wetlands which originally surrounded the lake. The cutter heads of the
dredges had difficulty "chewing through massive tree-like root systems of
white water lilies." The lake was dredged again in-1957-1958, on a small
scale, to improve the lake for swimming by eliminating drop-offs.
The fate of Lake Winona has been associated intimately with
Gil more Creek, which has been rerouted several times since 1885.
Because it has such a large watershed, Gilmore Creek is especially prone
to flooding. At its maximum flow on July 21, 1951, Gil more Creek carried
5,360 cfs (Upper Mississippi River Comprehensive Basin Study Committee,
1970). The Mississippi River at Winona, by comparison, at its minimum
flow on December 29, 1933, contained only 2,250 cfs. Many engineering
projects (channelization, diversions, darns and dikes) have been employed
t o p re v en t Gi1rn ore Creek flood w a t ers and t h eir s e dirn en t s f rorn d a rnaging
the city and Lake Winona. Since 1944, Lake Winona has flowed into a flood
reservoir (Boiler Lake) before entering Lake Winona (Figure ID^This
diversion has preverited furthersiltationof the lake.
Winona's flood dike now isolates Lake Winona from the Mississippi
River. Lake W ino na re c ei v e s no w a t er dire c11y f rorn t h e ri v er, but its 1 e v e 1
rises and falls with river level because the sand bar separating the lake
from the river is very porous. A pumping station on the lake's outlet ditch
maintains the lake level during flood time.
-—
Severe winter kiljj_u^1965 and 1969 a 1 ijiwnrl stjmted(buffa1 ofisK^)
(ictiobus cuorine11us)^arpjX-uprinusearpio)<bullheadt)( IctaTurus melas),
and gizzard shad (D or o s o rn a c e p e di anurn) to dominate The lake until 1973,
when a reclamation project was initiated to create a sport fishery, mainly
for children, the elderly and the handicapped. The Lake Winona Committee,
a non-profit corporation, raised funds, installed equipment, and
coordinated the cooperative efforts of the Minnesota Department of

Natural Resources, the City of Winona and Winona State University. Most
of the work was done by volunteers; virtually all equipment was purchased
by local contributors.
The reclamation of 1973 included: 1) installation of aeration
systems to prevent winter kills, 2) installation of an electric weir to
prevent rough fish from entering the lake from the river, 3) treatment of
the lake and tributary waters with rotenone to kill all fish, 4) cleanup of
over 225,000 pounds of dead fish (730 lbs/acre), and 5) restocking with
bluegillff (Leporn1 s rnacrochi rus). largernouth bass (Micropterus
salmoides). smallmouth bass (Micropterus dol orni eui), northern pike (Esox
lucius). muskellunge (Esox masquinongu) and wall eye# (Stizosteaion
vitreum).
Fishing was excellent during.the fin
ing
restoration, but bluegill# and^erappje)i-bee arn e stunted, primarily because
of: 1) excessive cover providedBy~Tush growth of exotic curly leaf
pond weed (Potamogeton crispus) that proliferated after the rough fish
were killed and the lake cleared, 2) insufficient predation, 3) insufficient
benthic invertebrates for food due to bottom sediments being anoxic, 4)
crowding, and 5) excellent spawning habitat existing along most of the
shoreline.
An Altosar weed cutter-harvester was purchased in 1982 and has
been used each summer to harvest nuisance aquatic plants. Northern pike,
bowfiri (Amia calva) and flathe ad catfish (Pulodictis olivaris) have been
stocked as predators to reduce numbers of bluegillf. Fishing for northern
pike and bass remains good.
Three fishing piers have made the lake accessible to handicapped
fishermen. The lake is now encircled by a 5.3-mile, asphalted, scenic path
that is used extensively by walkers, joggers, bicyclists, roller skaters,
and crosscountry skiers.
The physical and biological condition of the lake has been monitored
routinely by Winona State University, St. Mary's College and the Minnesota
Departrnent of Natura] Resources. Theirdata show that aeration is
essential to prevent winter kills, and that weed harvesting is prolonging
the useful life of the lake, but that the rate of eutrophication is
increasing due to storm sewer input. An interceptor sewer line should be
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const.ructed to prevent nutrient•-charged storrn water frorn en10ring the
lake. However, the lake has accumulated enough nutrients (in the form of
organic sludge) since it was dredged in the early 1950's to last
indefinitely, e v en i f a s10rrn s e w er in t erc ep10r 1ine is c 0ns t ruc ted.
Construction of a storm sewer interceptor seems to be prohibitively
expensive at the present time because the entire line would have to be
constructed below the water table, necessitating expensive dewatering
with fields of sandpoint wells. The most feasible lake improvement
measure at this time appears to be extensive dredging to: 1) remove
nutrient-rich sludge that also has a high biochemical oxygen demand, 2)
make the lake so deep (at least 16 feet) that rooted aquatic plants would
have insufficient light to grow, and 3) increase the volume of the lake and
its capacity to store dissolved oxygen.
IV. Chronology of Efforts to Fill Riverbend industial Park and Dredge Lake
Winona.
August 2, 1985 - U.S. Army Corps of Engineers (USACE) issues
public notice that the City of Winona has applied for a Section 404 Permit
to fill all of Riverbend Industrial Park between the Lake Outlet Ditch and
T.H. 61 (Appendix IV-1).
April 24, 1987 - Robert Bollant (Director of Public Works, City of
Winona) and members of the Lake Winona Committee (LWC) meet with
Robert Hemker (Modern Transport Co.) to determine the feasibility of
mining sand from beneath Lake Winona for construction purposes, thus
deepening and improving the lake. Further studies by Hemker determine
that this is infeasible. Hemker also surveys markets for Lake Winona peat
soil, but transportation costs make this infeasible. it also is deemed
impractical for the city to buy a dredge and operate it with city
employees. Dredging is a 24-hour operation, and present union contracts
would make the use of city employees prohibitively expensive.
March 5, 1986 - Paul Richert (USACE) and Gary Wegg, U.S. Fish and
Wildlife Service (USFWS) are invited to Winona to inspect possible
disposal sites and discuss dredging options. They request additional
information about the dredging plan, spoil disposal sites, amount of
wetland to be lost, and assurance that there are no other spoil sites.

January 22, 1986 - The USAGE denies the Winona Port Authority's
permit application to fill 90 acres of Riverbend Industrial Park (Appendix
IV-2). In his letter of denial, Colonel Joseph Briggs advises the Port
Authority to reapply when it can show need for filling Riverbend.
April 6, 1986 - Robert Boll ant and LWC members meet with Charles
Robers and Torn Abrarns (Robers Dredging Co.) to discuss dredging
technology arid tu make plans for sounding East Lake Winona to determine
sediment profiles.
May 28, 1986 - Robers, Abrarns and LWC sound East Lake Winona at
40 stations to determine sediment profiles.
0 c t o b er 2, 1986 - B o 11 an t, R o b ers, A brams and L W C re vi e w re su11s
of May 28 sediment study.
April 10, 1987 - LWC submits recommendations for dredging Lake
Winona (Appendix IV-3), using wetlands along south side of Lake Winona
as disposal areas, and constructing a storm sewer interceptor.
April 27, 1987 - Boll ant submits feasibility report to the Winona
City Council for dredging of Lake Winona (Appendix iV-4) based on LWC
recommendations and the results of recent studies. The report outlines
construction problems, projected costs, and a review of all possible spoil
disposal sites and the problems associated with each. City Council
directs Boll ant to apply for necessary permits to dredge the entire lake,
using the area between T.H. 61-14 and Lake Winona east of Huff Street as
a disposal area.
September 4, 1987 - Bollant applies to USACE and Minnesota
Department of Natural Resources (DNR) for permits for a pilot project to
dredge 34.4 acres (Appendix IV-5).
October 15, 1987 - USACE issues Public Notice of Winona's permit
application (Appendix IV-6).
November 5, 1987 - A public meeting is held in Winona to discuss
permit applications. Represented were: City of Winona, USFWS, USACE,
DNR, Winona State University (WSU) and LWC. No agency had problems
with dredging Lake Winona, but all had problems with the potential
disposal sites because they were all classified as wetlands.
December 16, 1987 - On basis of DNR advisory, USACE denies permit
application without prejudice (Appendixes).

June 16, 1988 - Boll ant, LWC meet with Charles Rober (Robers
Dredging Co.) to discuss dredging options.
JUly 18, 1988 - Boll ant submits ammendment to the April 27, 1987
feasibiiy report to the City Council (Appendix iV-9). The amendment
discusses alternate potential disposal areas (Bronk farm between Gil more
Creek and Goodview Road, Madison Silo gravel pit) and explains why each
is infeasible, mainly for environmental reasons. The areas between Lake
Winona and Highway 61 cannot be used as disposal sites because they are
wetlands, as indicated mainly by presence of purple loosestrife. The
report concludes that it is therefore only possible to dredge the east lake
arid that the only plausible disposal area is Riverbend, which is also
classified as a wetland even though the new pumping station on the Lake
Winona outlet ditch drains the area, even during flood time.
September28, 1988 - Boll ant and L W C rn e e t$ wi t h Winona P or t
Authority to explain possible use of Riverbend as disposal area and to ask
the Authority to accept muck from the lake atop the sand pad. Permission
granted.
October 5, 1988 - Boll ant and LWC meet with DNR and Minnesota
Pollution Control Agency (PCA) to discuss feasibility o? plans for dredging
and disposal.
Marc h 17, 1989 - B o11an t and L W C rn e e t wi t h C ongr e s s rnan Tirn
Penny's staff to seek funding for lake dredging and Riverbend.
April 6, 1989 - City of Winona applies for permit (Appendix IV-10)
to dredge East Lake Winona using dredged sand to fill Riverbend. One half
of dredged muck would pe placed atop Riverbend sand, the other half would
be pumped into the hole created by sand removal.
May 2, 1989 - US ACE issues public notice of Winona's Section 404
permit application, which revises and combines earlier permit
applications (Appendix IV-11).
June 16, 1989 - Twenty*nine representatives of the following
organizations meet in Winona (Appendix IV-12) to review Winona's Section
404 permit application and to tour the proposed project areas: City of
Winona (Mayor, City Manager, City Council, Director of Public Works, Parks
and Recreation Director^), USFWS, US ACE, PC A, Winona County Board of
Commissioners, LWC, WSU, Timothy Penny (US Congress), Steven Morse

(Minnesota Senate), Virgil Johnson (Minnesota House of Representatives).
July 25., 1989 - DNR, USFWS, USAGE, LWC, City of Winona, arid WSU
meet to discuss Section 404 Permit application. Consensus is that Lake
Winona dredging arid Riverbena filling are permissible if adequate
mitigation is accomplished via wetlands creation arid/or improvement.
August 15, 1989 - City of Winona requests technical assistance
through USACE Dredging Operations Technical Support Program (DOTS) and
Wetlands Research Assistance Program (WRAP) in the design of a
mitigation program related to the dredging of Lake Winona and the filling
of Riverbend (Appendix IV-13).
No v emb er 28, 1989 - R o b ert B o 11 an t and Dr. C a1 vin F rem1ing (WSU)
meet with David Ball man (USACE, St. Paul District) and Robert Lazor
(USACE Waterways Experiment Station, Vicksburg, MS) (WES) to discuss
potential mitigation measures. Informally, they agree that in-lake marsh
creation is undesirable, but that it may be possible to restore the
wetlands between Lake Winona and Highway 61 as mitigation. The marsh
restoration would have the added benefits of loosestrife management,
education, and environmental interpretation. WES will review draft
mitigation proposals routed to them through USACE, St. Paul District, and
offer technical advice.
January 3, 1990 - City of Winona requests services of Dr. Calvin
Fremling to work with Robert Boll ant in preparing a mitigation plan for
dre d gin g Lake Winona (A ppendi x {V -14,15).
January 26, 1990. - President Darrell W. Krueger (WSU) authorizes
one-half time release for Dr. Fremling, Spring Quarter 1990 (Appendix IV16).
February 12, 1990 - Fremling and Dr. Nejl Mundahl (WSU) submit
funding proposal to the Legislative Commission on Minnesota Resources
(LCMR) for funding of marsh restoration project (Appendix IV-17).
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iV. Chronology of Efforts to Fill Riverbena Industial Park and Dredge Lake
Winona.
August 2, 1985 - U.S. Army Corps of Engineers (USACE) issues
public notice that the City of Winona has applied for a Section 404 Permit
to fill all of Riverbend Industrial Park between the Lake Outlet Ditch and
T.H. 61 (Appendix IV-1).
April 24, 1987 - Robert Boll ant (Director of Public Works, City of
Winona) and members of the Lake Winona Committee (LWC) meet with
Robert Hemker (Modern Transport Co.) to determine the feasibility of
mining sand from beneath Lake Winona for construction purposes, thus
deepening and improving the lake. Further studies by Hemker determine
that this is infeasible. Hemker also surveys markets for Lake Winona peat
soil, but transportation costs make this infeasible. It also is deemed
impractical for the city to buy a dredge and operate it with city
employees. Dredging is a 24-hour operation, and present union contracts
would make the use of city employees prohibitively expensive.
March 5, 1986 - Paul Richert (USACE) and Gary Wegg, U.S. Fish and
Wildlife Service (USFWS) are invited to Winona to inspect possible
disposal sites and discuss dredging options. They request additional
information about the dredging plan, spoil disposal sites, amount of
wetland to be lost, and assurance that there are no other spoil sites.
January 22, 1986 - The USACE denies the Winona Port Authority's
permit application to fill 90 acres of Riverbend Industrial Park (Appendix
IV-2). In his letter of denial, Colonel Joseph Briggs advises the Port
Authority to reapply when it can show need for filling Riverbend.
April 6, 1986 - Robert Bollant and LWC members meet with Charles
Robers and Torn Abrams (Robers Dredging Co.) to discuss dredging
technology and to make plans for sounding East Lake Winona to determine
sediment profiles.
May 28, 1986 - Robers, Abrams and LWC sound East Lake Winona at
40 stations to determine sediment profiles.
October 2, 1986 - Bollant, Robers, Abrams and LWC review results
of May 28 sediment study.
April 10, 1987 - LWC submits recommendations for dredging Lake
Winona (Appendix IV-3), using wetlands along south side of Lake Winona
as disposal areas, and constructing a storm sewer interceptor.

April 27, 1987 - Boll ant submits feasibility report to the Winona
City Council for dredging of Lake Winona (Appendix IV-4) based on LWC
recommendations and the results of recent studies. The report outlines
construction problems, projected costs, and a review of all possible spoil
disposal sites and the problems associated with each. City Council
directs Boll ant to apply for necessary permits to dredge the entire lake,
using the area between T.H. 61-14 and Lake Winona east of Huff Street as
a disposal area.
September 4, 1987 - Bollant applies to USACE arid Minnesota
Department of Natural Resources (DNR) for permits for a pilot project to
dredge 34.4 acres (Appendix iV-5).
October 15, 1987 - USACE issues Public Notice of Winona's permit
application (Appendix iV-6).
November 5, 1987 - A public meeting is held in Winona to discuss
permit applications. Represented were: City of Winona, USFWS, USACE,
DNR, Winona State University (WSU) and LWC. No agency had problems
with dredging Lake Winona, but all had problems with the potential
disposal sites because they were all classified as wetlands.
December 16, 1987 - On basis of DNR advisory, USACE denies permit
application without prejudice (Appendix-8).
June 16, 1988 - Bollant, LWC meet with Charles Rober (Robers
Dredging Co.) to discuss dredging options.
July 18, 1988 - Bollant submits ammendment to the April 27, 1987
feasibity report to the City Council (Appendix IV-9). The ammendment
discusses alternate potential disposal areas (Bronk farm between Gilmore
Creek and Goodview Road, Madison Silo gravel pit) and explains why each
is infeasible, mainly for environmental reasons. The areas between Lake
Winona and Highway 61 cannot be used as disposal sites because they are
wetlands, as indicated mainly by presence of purple loosestrife. The
report concludes that it is therefore only possible to dredge the east lake
and that the only plausible disposal area is Riverbend, which is also
classified as a wetland even though the new pumping station on the Lake
Winona outlet ditch drains the area, even during flood time.

September 28, 1988 - Boll ant and LWC meets with Winona Port
Authority to explain possible use of Riverberid as disposal area and to ask
the Authority to accept muck from the lake atop the sand pad. Permission
granted.
October 5, 1988 - Boll ant and LWC meet with DNR and Minnesota
Pollution Control Agency (PCA) to discuss feasibility of plans for dredging
and disposal.
March 17, 1989 - Boll ant and LWC meet with Congressman Tim
Penny's staff to seek funding for lake dredging and Riverberid.
April 6, 1989 - City of Winona applies for permit (Appendix IV-10)
to dredge East Lake Winona using dredged sand to fill Riverbend. One half
of dredged muck would pe placed atop Riverberid sand, the other half would
be pumped into the hole created by sand removal.
May 2, 1989 - US ACE issues public notice of Winona's Section 404
permit application, which revises and combines earlier permit
applications (Appendix IV-11).
June 16, 1989 - Twenty nine representatives of the following
organizations meet in Winona (Appendix IV-12) to review Winona's Section
404 permit application and to tour the proposed project areas: City of
Winona (Mayor, City Manager, City Council, Director of Public Works, Parks
and Recreation Directors), USFWS, US ACE, PCA, Winona County Board of
Commissioners, LWC, WSU, Timothy Penny (US Congress), Steven Morse
(Minnesota Senate), Virgil Johnson (Minnesota House of Representatives).
July 25, 1989 - DNR, USFWS, USACE, LWC, City of Winona, and WSU
meet to discuss Section 404 Permit application. Consensus is that Lake
Winona dredging and Riverbend filling are permissible if adequate
mitigation is accomplished via wetlands creation and/or improvement.
August 15, 1989 - City of Winona requests technical assistance
through USACE Dredging Operations Technical Support Program (DOTS) and
Wetlands Research Assistance Program (WRAP) in the design of a
mitigation program related to the dredging of Lake Winona and the filling
of Riverbend (Appendix IV-13).
November 28, 1989 - Robert Boll ant and Dr. Calvin Frernling (WSU)
meet with David Ballman (USACE, St. Paul District) and Robert Lazor
(USACE Waterways Experiment Station, Vicksburg, MS) (WES) to discuss
potential mitigation measures. Informally, they agree that in-lake marsh
creation is undesirable, but that it may be possible to restore the

wetlands between Lake 'Winona arid Highway 61 as mitigation. The marsh
restoration would have the added benefits of loosestrife management,
education, arid environmental interpretation. WES will review draft
mitigation proposals routed to them through USAGE, St. Paul District, and
offer technical advice.
January 3, 1990 - City of Winona requests services of Dr. Calvin
Fremling to work with Robert Boll ant in preparing a mitigation plan for
dredging Lake Winona (Appendix IV-14,15).
January 26, 1990 - President Darrell W. Krueger (WSU) authorizes
one-half time release for Dr. Fremling, Spring Quarter 1990 (Appendix IV16).
February 12, 1990 - Fremling and Dr. Neil Mundahl (WSU)
submit funding proposal to the Legislative Commission on Minnesota
Resources (LCMR) for funding of marsh restoration project (Appendix IV17).

\y\ZLjl^cr~Riverbend Industrial Park- - Proposec
A. tete&dae&efl—
Because it is located on the Mississippi River floodplain, and
confined by flood levees and rugged bluff land, Winona has little room for
industrial expansion. Consequently, the city +s-^fnp©4led_j£useek- dcfp^red'eiy
additional industrial land to remain economically healthy. The only area
zoned for heavy industry, with significant area yet to be developed, is
Riverbend Industrial Park located east of Mankato Avenue between the
lake outlet ditch and Highway 61-14 (Figure
). There are 124 acres
available for development, including 28 acres already sold to Badger
Foundry for disposal of foundry sand. Because the Badger Foundry site is
not classified as wetland, no filling permits are required for the major
portion of the area. The long range plan of the city is to develop industrial
land on the bluff tops which rise almost 600 feet above the city.
However, c it will be very expensive and energy intensive to extend water
and sewer lines to that elevation. todustriaTexpansiett~7t0-4fre-tepsv,
* .
*
weuid--ats<^'€letracMf0m ^e-^aau4y-of the-scan4G--a^ea:
The City of Winona's master plan calls for the development of
^ Jryfy***
Riverbend, and the Port Authority of Winona places high priority on its
filling and development. In recent years, both the City of Winona and the
Port Authority have supported applications to fill portions of Riverbend.
These permit applications were to: 1) fill 8 acres to construct Frontenac
Drive, 2) fill 7 acres between Frontenac Drive and the lake outlet ditch
for Renk Trucking, 3) develop an incinerator site for Winona County, and 4)
fill 81 acres, including the incinerator site, in conjunction with the. /
dre( ing of LakgWin^
Trorvfenac
en T^vej^ designed to dfveri truck trafficfrom 'Mankato
arge industrial area in the east end of Winona. The
Avenue directly
1988 traffic map at the Eighth Street-Mankato Avenue intersection shows
11,500 vehicles per day passing through a residential area, and past the
grade school located at that intersection.
(<&r- Ce»stracfesn
This proposed project would fill the site of Frontenac Drive and all
remaining lowlands within Riverbend (96 acres total)" at one time, rather
than doing it piecemeal. The entire area would be filled to a depth of 8
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feet with sand dredged from the lake. Ninety acres would then be topped
with 3 feet of "muck" (sapropel, copropel, silt, clay) dredged from the
lake. Frontenac drive would not be covered, j ^re-muck would-dfy-te-a-»
?
-depth~oM^5-^eefr The project would also benefit Lake Winona, providing a
window of opportunity for dredging that will never exist again. It would
also defray part of the cost of dredging Lake Winona,because Riverbend
land J^ould sell for about $25,000 per acre when^led. The cost of the
J dredged sand fill would be about $26,875 per acre. An additional cost of
( about $12,000 per acre for streets and utilities would be borne by the city
and is not reflected in the selling price of the land. The cost of pumping
> muck to Riverbend would be charged solely to the Lake Winona project,
filling
W w however > because it would not benefit Riverbej
fca^cost of aboiit"^$207^06.
aAJML
^ SwUuAaA
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Presently (Sprifig, 1990) f ihe Riverbend site is being studied by two
faculty and two kjudents f?om Winona State University. Studies include
detailed^fnapping,yvegetation analysis, wildlife observation^ and wetland
qualify analyses as determined by the Habijat Evaluation Procedure (HEP)
arid the Wetlands Evaitiation^ Technique (WET).
The wetland within Riverbend is typified by plant species that are
indicators of wetlands, but they constitute a relic flora which is being
replaced by upland species. As explained previously, the area is kept
relatively dry by the pumping station on the the lake outlet ditch.
Piezometer readings made on April showed the water table to be —- feet
above sea level, more than -—feet below the surface of the area. The
most common trees in the area are willows and silver maples, both
arising mainly as clones from stumps of trees cut in 1973. Boxelder,
hackberry, and mulberrry are invading the area. Most single-stemmed
trees in the area are boxelder, indicating growth from seed rather than
from stumps. Box elder are intolerant of having their roots submerged for
prolonged periods. The presence of numerous 10-15 year old specimens
throughout the area demonstrates the ongoing succession from a wetland
environment to an upland environment.
Riverbend includes 54 acres of forest land, none of which fits into
any of the wetland types of HEP. The forest is not covered with standing
water, its soils are not waterlogged during the growing season, and it is
not seasonally flooded. The 10 acres of grassland might be classified as
Type 2 wetland (fresh meadow) if the soil were waterlogged within a few
inches of the surface during the growing season, but piezometer

measurements show that this is not so. During the period of study (March _
_ - May
), the site received
inches of rain
...
Our studies show that there are only about 2.6 acres of HEP wetlands
within Riverbend, they include 2 acres of open water worth 147.5 habitat
units, and 0.6 acres of deep fresh marsh worth 62 habitat units, for a
total of 209.5 habitat units. The 2 acres of open water were created in
1973 by the City of Winona when it dredged ditches for utilities
preparatory to the aborted filling of Riverbend. The ditches have
remained since that time and are now inhabited by beaver which have dug
dens into adjacent spoil piles.

Benefits of project
1. It would provide industrial space and
employment.
2. It would concentrate industry in one place, away from
residential, riverside, and scenic areas.
3. It would reduce truck traffic near a school and in
residential areas.
4. It would enable the area to be filled in a planned
manner, rather than have it filled piecemeal.
5. It would provide the only possible disposal area for
sand dredged from east Lake Winona.
6. It would provide temporary storage for muck dredged
from Lake Winona.
Detriments of the project
J. -\
1. It would destroy
acres of Type
^wetlancT.
^€h^isDosse$s^a»-4j^kftowfl known-Rumber-^of
v
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<i_ake Winona Dredging - Proposed Project
A1A FtfroduGtion
Dredging would be confined to east Lake Winona, which has a water
surface area of 215 acres. About 163 acres are less than 15 feet deep and
consequently support dense growths of nuisance aquatic plants, primarily
curlyleaf pond weed (Potamogeton crispus). Based on limnological studies
done by Winona State University, the Lake Winona Committee has
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recommended that large areas of the lake be deepened to 16 feet tot
\j control weed growth,^remove sediments that have a high biochemical
oxygen demand ^^ar^jyckdja* nutaeats, and "to increase the volume of the
lake. Because area residents hold the lake in such high regard as a
recreational and scenic resource, the Winona City Council has adopted the
dredging of Lake Winona as a goal.
The average depth of the east lake is 8 feet. This figure does not
truly reflect the shallowness of the lake, however, because it is inflated
by the small, but deep dredge holes along the north shore. About 78% is 10
feet or less in depth, and about 49% is 5 feet or less in depth. Only 10%
is 15 or more feet in depth,
Lake sediments were sounded on May 28, 1986, revealing that the
lake is underlain with 8 to 20 feet of muck which is underlain with sand.
The upper stratum of the muck layer consists of a sapropel-copropel layer
varying in depth from about 6 inches in shallow areas to over 4 feet in
deep areas. The lower muck strata are composed mainly of silt deposited
by floods of Gilmore Creek.
Muck is not suitable for industrial fill, but
sand is ideal.
The City Council accepted a feasibility report from Robert Bollant
(Director of Public Works) on April 27, 1987 recommending that Riverbend
be filled with sand dredged from a 24-acre hole at the extreme east end of
the lake. The hole is already about 36 feet deep, having been dredged in
the early 1950's. The proposed dredging would deepen the hole to at least
60 feet and would enlarge it due to slumping of steep sides. About
950,000 cubic yards of muck would then be dredged from the lake bottom
and pumped into the 24-acre hole. Approximately 80 acres of the lake
could thus be deepened from an 8-foot depth to a 16-foot depth. A
containment boom (silt curtain) would be constructed from the point near
the hospital to the Hamilton Street boat landing to contain sediment
during the muck-dredging operation. Robers Dredging Company of
LaCrosse, Wisconsin has used containment curtains and found them
effective.
The 80 acres to be deepened to a 16-foot depth would include the
north half of the lake and both the east and west ends, which are the
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most heavily used areas of the lake' Added to the 52 acres already greater
than 15 feet deep, this would make 132 acres of the lake deeper than 15
feet.
After the April 27, 1987 feasibility report was accepted by the City
Council, the Winona Port Authority agreed to allow placement of 3 feet of
dredged muck atop the dredged sand fill at Riverbend. The Lake Winona
Committee had made this request because doing so would allow more muck
to be totally removed from the lake. When dry, the muck would shrink to a
depth of about 1.5 feet and could be recovered as top soil, and used for
landscaping purposes. Such soil is usually sterile for about two years, but
becomes highly productive Cas it ages, especially if limed. Frontenac
Drive would not be covered, leaving 90 acres to receive 450,000 cubic
yards of muck^ Estimated costs of dfedgtf^are~as-^©Hews^>^
' Tost of dredging 1,280,000 Cubic
yarxds of sand to Riverbend @ $2.00
$2,560,
per cubic yard
Cost bf dredging 450,000 cubic
yards of muck to Riverbend
$900,000
@$2.00 per yard
Cost of dredging 500,000 cutyc yards
of muck into 24-acre hole at
$1.20 per cubic yard
$4,060,000
4? Benefits of the project
1 It would deepen 80 acres of the lake, thus inhibiting the
growth of nuisance aquatic weeds and indirectly reducing
stunting of panfish.
2. It would increase the aesthetic appeal of the lake.
3. It would increase the volume of the lake, thus providing
addditional living space for fish and increased storage of
dissolved oxygen.
It would remove sediments that supply nutrients directly to
2rooted aquatic plants and indirectly to phytoplankton
via the water column.
It would remove sediments that have a high biochemical
oxygen demand (BOD), thus reducing the degree of hypoxia
Cat the mud-water interface and the consequent release of
^phosphorus, which stimulates plant growth.
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It would probably make artificial aeration unnecessary for
at least 15 years, based upon interval from 1950's dredging
to the first winter kill in 1965.
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make the laike bottom more productive of benthic
fish-food organisms .
8. It would extend the useful life of the lake, probably for 50
years or more.
9. It would make the lake more swimmable and fishable.
Detriments of the project
1. It would be expensive.
2. ,2lt would necessitate the expenditure of fossil fuels.
—
3. Suspension of high BOD sediments during dredging may
^ cause fish kills.
Mitigation i/^Back§fetmd trrfafmatfen—>
Wetlands mitigation, a recent addition to the regulatory process, is
an attempt to accomodate development while preserving wetlands. It
tries to moderate or lessen the intensity of negative impacts on wetlands
through specific actions - such as restoring damaged wetlands, enhancing
wetlands, or creating new ones - to compensate for wetland loss via
construction Cactivities.
On February 7, 1990, the final memorandum of agreement (MOA)
between the U.S. Army Corps of Engineers (USACE) and the U.S.
Environmental Protection Agency (EPA) outlining the procedures for
determining the type and level of wetlands Cmitigation necessary to meet
the requirements of Section 404(b)(1) of the Clean Water Act became
effective (Sport Fishing Institute,^1990).
The final MOA, which changed some of the provisions of the original
document, involved months of negotiations between the USACE, EPA and
the White House. The MOA is meant to provide internal guidance to USACE
and EPA staff on how to implement existing Section 404 permit
regulations. The MOA notice was published in the Federal Register on
February 15, 1990.
While the MOA has been described by the USACE as being consistent
with President Bush's goal of no overall net loss of wetlands, it by design
apparently falls short of establishing such as national policy. The task of
developing recommendations on a national, no-net-loss policy has been
delegated to the Domestic Policy Council's Inter-Agency Task Force on
Wetlands.

The following sections deal with the feasibility of mitigating for
loss of
acres of Type
wetlands if Riverbend is filled. We
understand that no mitigation would be necessary for dredging Lake
Winona.
-VJtJ. Storm Sewer Diversion as a Mitigation Measure
^^--tetmductien
The previously discussed MOA probably would not include storm

sewer diversion as a mitigation measure for lost wetlands ^because the
measure would not create new wetlands or restore wetlands which have
been degraded. Nevertheless, this measure has been suggested. It is
included here because considerable time and effort have been expended to
determine its feasibility.
It obviously would be desirable to intercept nutrient-charged storm
water which enters Lake Winona via its storm sewers.
Lake Winona's
weed problem is due largely to the lake's shallowness, but also due to its
highly eutrophic status. C' n addition to nutrients such as lawn fertilizers,
storm sewers contribute tree leaves and grass clippings that supply
additional nutrients and have a high biochemical oxygen demand, as well
as debris, sand, silt, oil and potential toxins.
Unfortunatey, sewer construction in Winona is a very complex,
expensive process because: 1) the water table is so close to the surface
that most sewers must be submerged, 2) the sandy soils are very porous
allowing rapid infiltration, 3) the gradient to the lake outlet ditch is so
slight that flow is very slow, unless lift stations are employed, 4) the
sewer interceptor would be partially filled with water at all times,
lessening its capacity to handle storm surges, 5) building a sewer below
the water table necessitates sand- point well fields, manifolds and pumps
to dewater construction sites, and 6) it may be necessary to construct a
lagoon to remove phosphorus from the storm water before it is discharged
into the river.
-Go«structiwi "
The storm sewer diversion would consist of intercepting all the
storm sewers emptying into the east lake along the north shore and
constructing an interceptor storm sewer along the north shore easterly
past Lake Winona to discharge into the lake outlet ditch east of Mankato

Avenue (Figure
). The pumping station located on the outlet ditch
would assure free fall of storm water into the ditch, even during flood
time.
The proposed interceptor is based on a five-year design, for which
the major part of the city is designed. This means, theoretically, that the
storm sewer interceptor line would be overloaded once every five years.
It is assumed that the overflow would flow directly into Lake Winona.
This periodic flushing may be especially detrimental because each flush
would contain nutrient-rich sediments accumulated during the preceeding
period of low precipitation.
The following cost estimate is for the east lake only. Running an
interceptor line along the north side of the west lake would at least
double the cost because of increased distance from the outlet ditch. We
conclude that the construction of a storm interceptor sewer line is not
economically feasible at this time.
^
f INCLUDE BOB's cost table here (Table XX)
Benefits of the project
1. It would decrease loading of nutrients, high BOD detritus,
debris, sediment, oil, animal feces, and potential toxins.
2. It would reduce the chances of chemical and oil spills into
the lake.
3. It would increase the effective life of the lake.
Str Detriments of the project
1. It would be prohibitively expensive.
2. Construction would cause temporary damage to parkland
and disruption of traffic.
3. It would cause the expenditure of fossil fuels and
K
nonrenewable resources. ^ ^——
Wetland Restoration as a Mitigation Measure
—A.—Intrcrductiorr
This project proposes to restore two city-owned wetlands adjacent
to Lake Winona within the City of Winona (Figure J, West Marsh comprises
12.5-acres and is bounded by K-Mart Shopping Center, the Lake Winona
bike path, and Trunk Highway 61. East Marsh comprises 18.9-acres and
runs eastward from Huff Street between the Lake Winona bike path and
Trunk Highway 61. Both areas presently are dominated by the noxious
exotic weed, purple loosestrife (Lvthrum salicaria). which must be
controlled by the city under Minnesota statute. The proposed restoration
will: 1) lead to the management of the purple loosestrife, 2) provide
improved habitat for native wetland biota, 3) impound stormwater runoff
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to reduce nutrient loading into the lake, and 4) establish the wetlands as
areas for environmental interpretation and education. The project will be
a cooperative effort involving Winona State University faculty (prerestoration planning, environmental studies, interpretive planning) and
WSU students (environmental studies, class projects), the City of Winona
(engineering, construction), the Lake Winona Committee (overlook
construction), and area citizens (revegetation, volunteer efforts). Visitor
access to the restored areas will be provided by connecting access points
to an extensively used, asphalted, multiple-use path that presently
encircles the lake. Revegetation with a variety of native wetland plants
differing in texture, height, and color will relieve the present singlespecies monotony and enhance the wetlands' aesthetic appeal for visitors.
The greater and more typical diversity also will make the wetland a model
wetland for local primary and secondary schools. Irregular contours of
shorelines and islands will aesthetically improve the appearance of the
areas which are presently dissected with straight ditches and dikes.
The proposed restorations have been discussed with personnel of the
Wisconsin Department of Transportation and the Wisconsin department of
Natural Resources who^weje involved directly with the restoration of
degraded wetlands 'witfnn.The City of Madison ancLlinkecMo~tbe-¥aharaRiver as mitigation for highway construction. Additional discussions of
the proposed project have involved personnel from a variety of
organizations and agencies that are involved in wetlands assessment,
management, and restoration, including the Minnesota Department of
Natural Resources, USACE Waterways Experiment Station (Vicksburg, MS),
USACE (St. Paul District), USFWS Upper Mississippi River National Fish and
Wildlife Refuge (Winona), USFWS Montezuma National Wildlife Refuge
(Seneca Falls, NY), USFWS Trempealeau National Wildlife Refuge
(Trempealeau, Wl), and biologists from St. Mary's College (Winona, MN).
The project will use the intensively studied Weaver Bottoms of the
Mississippi River and Trempealeau National Wildlife Refuge as reference
wetlands. The Weaver Bottoms Rehabilitation Project has been very
successful, receiving the 1989 Chief of Engineers Award of Excellence,
the USACE's highest award for projects worldwide. It was also selected
as the top project in the Environmental Category; in the 20-year history of
the awards program it was the first project from that category to win the
top award. In 1988, this project also received the environmental

Newly-created berms will be planted with reed canary grass (Phalaris
arundinacea^ and native floodplain trees and shrubs, especially those that
have wildlife value. The cost of excavating 32,400 cubic yards of
material @ $2.00 per cubic yards is $64,800. The restored wetland will be
connected to Lake Winona by an 18-inch(?) culvert which is presently in
place. The culvert's present grating will be retained to prevent carp
access to the marsh. Lowering the level of Lake Winona one foot prior to
construction will partially dewater the soil and make it easier to
excavate and pile.
^ Restoration of East Wetland
During times of normal lake level there is no open water in East
Marsh. The plan calls for excavating 11.4 acres to an average depth of
3
feet below normal water level to an elevation of 644.5. Excavated
material will be piled around the perimeter of the site and also within the
site as needed, creating^sfanas. An (
footX
foot) area east of and
adjacent to Huff Street will be filled with excavated material and
reserved for a hangglider landing area. The restored marsh will have no
direct connection with the lake. The berm upon which the bike path is
built will act as a dike allowing water elevation in the restored marsh to
be raised one foot by runnoff and input of storm sewers. The one-foot rise
will be made possible by installing a sill in each of the three culverts
which presently drain the area. The floors of tjr\Q culverts presently are
about two feet higher than normal lake level.
wetland will be
replanted with native aquatic plants. Berms and islands will be planted
with trees and shrubs as in the K-Mart area. The cost of excavation will
be about $96,171.
D. Development of Environmental Interpretation/Education
Materials and Curricula
In the continental United States, more than half of the original
wetlands have been destroyed. The situation is most severe in and around
urban areas where few wetlands have gone undrained or undeveloped.
However, their potential for environmental interpretation and education
makes urban wetlands some of the most essential in the nation.
Urban wetlands are important because they are accessible to large
numbers of people on a regular basis. According to Ralph Rogers, U.S.

^engineering grand prize from the Minnesota Consulting Engineers Council
of Minnesota. The primary research work for the Weaver Bottoms
Reclamation Project was done in 1975-1978 by Winona State University
and St. Mary's College personnel under contract with the USACE and the
USFWS.
Prior to restoration, the two areas will be assessed to determine: 1)
the nature of the existing physical habitat, 2) the present dominance of
loosestrife, 3) the use of loosestrife-dominated areas by wildlife, and 4)
the current status and distribution of native wetland plants and animals.
Recent high-altitude infrared and true-color stereoscopic photos from the
USFWS Long-Term Resources Monitoring (LTRM) Program
used to
make detailed base maps and to plot plant distributionr^Ground truthing
will ensure the accuracy of plant distribution maps. Preliminary surveys
of habitats, water chemistry, plants, and animals are presently underway,
but thorough inventories are needed to adequately document the state of
the present wetlands and their plant and animal residents.
Post-restoration monitoring and inventory will be done intensively
during the first two years subsequent to restoration. Water chemistry and
changing plant and animal communities will be monitored and compared
statistically and/or photographically with those in reference wetlands
(Weaver Bottoms and Trempealeau National Wildlife Refuge). Highaltitude infrared and true-color photographs from LTRM also will be used
to assess vegetational changes in the restored areas. Because of the
wetlands' proximity to Winona State University, long term observations
will be done routinely as field work in limnology, ecology, and entomology
classes. These data will be valuable to those conducting similar
restoration projects
/f- „ kNr .
)
B, Restoration of West Wetland - Proposed Project
West wetland consists of 4.3 acres dedicated to the city as
wetlands in conjunction with K-Mart development and 8.2 acres owned
outright by the city. C Existing ground elevation is 12 -18 inches above
normal water level. Presently, 3.0 acres of the marsh are open water. The
plan calls for excavating the marsh (with dragline or backhoe) to an
average depth of 3 feet below normal water level (644.5 feet above sea
level).
It will be difficult to pile the excavated material greater than 45 feet high due to its soupy characteristics. The excavation will create
6.7 acres of open water which will be r planted with native Caquatic plants.
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Environmental Protection Agency wetland specialist for the state of
Oregon, "Wetlands exist out of the city, but the most convenient way for
most people to learn about them is in the city." By the year 2000,
projections indicate that 90% of all Americans will live in urban areas.
The great majority of Americans likely will learn and care about wetlands
only through trips made to urban wetlands.
Cities across the U.S. have begun restoring, protecting, and
preserving their urban wetlands. These wetlands provide valuable habitat
for a wide range of plants and animals, including threatened or endangered
species. Some cities now use wetlands to cleanse stormwater runoff and
sewage effluent. By incorporating hiking trails, picnic areas, interpretive
programs, and educational activities into their management plans, cities
have been able to cultivate public understanding and support for wetlands
conservation.
The proposed projects will serve vital interpretive/educational and
research functions because of their proximity to Winona State University
and St. Mary's College. Their interpretive and educational mission will be
enhanced by their location within the City of Winona and their proximity
to area schools, Highway 61, the multiple-use path and adjacent
parklands, and the City's planned Upper Mississippi River Interpretive
Center.
The restored wetlands will be used to educate the public on the
importance of wetlands and the degradation of area wetlands by
loosestrife.
Visitor/user potential and interpretive and environmental
education needs of the two restored areas will be assessed; an overlook
and interpretive signage will be constructed at one of the sites. Wetland
exhibits will be erected in the adjacent Tourist Information Center.
Wetlands educational activities)(|tyii^/t(£'^^
will be
developed. Post-restoration visitor use and interpretive plan
effectiveness will be evaluated.
During and after restoration, the two wetlands will provide an
opportunity for wetlands environmental interpretation and education in an
urban environment. Public interpretive efforts will be maximized by
bringing wetlands awareness to the large population presently using the
adjacent, multiple-use path./V the close proximity of the wetlands to
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Winona State University, St. Mary's College, and local high, middle, and
elementary schools will provide for student environmental education and
research opportunities. Media contact with the public during restoration,
informational materials for visitors during and after restoration, and
evaluation and modification of interpretive/educational programs will
help generate public understanding and support for wetlands conservation.
Purple Loosestrife Management
Purple loosestrife has degraded wetland habitats throughout the
eastern United States, often forming monotypic stands across entire
wetlands. It out-competes most native wetland plants, reduces plant
diversity, and results in a loss of animals that depend on native plants for
food and cover.
Minnesota is the first state to develop a comprehensive program to
control the spread of loosestrife. Mechanical and chemical control
methods currently are in use to control the weed in many localities, and
biological control is a future hope. However, dense stands of loosestrife,
such as those dominating the proposed restoration sites, do not respond to
typical control measures. The propose project would: 1) excavate areas to
increase water depths to inhibit loosestrife, 2) minimize shallow water
zones where loosestrife could become established, 3) revegetate wetland
areas with cattail, lotus, pickerel weed, lily, arrowhead, and wild rice,
and 4) revegetate, upland areas with reed canary grass, river birch,
speckled alder, siver maple, green ash, red osier dogwood, willow, swamp
white oak, button brush, ; and false indigo. We recognize that reed canary
grass is an exotic, but it may be the only grass that forms stands dense
enough s^£E&s=to compete with loosestrife on disturbed soil. Reed canary
grass also furnishes good waterfowl nesting cover, especially if it is
interspersed with shrubs. Dense shade created by trees and shrubs on
islands and berms will inhibit loosestrife on drier so\\; a $
11 s<*v\J
Open water areas could be increased in size by removing sediment
from the site. However, the sediment serves as a seed bank, perhaps
containing 21,000 viable seeds per square meter (Klips, 1990). Therefore^
it will be retained on site, being used to bury existing stands of
, _ u/.U
loosestrife, and to create islands and buffer zones. G>*
Personnel of the USFWS Montezuma National Wildlife Refuge (Seffeca ' ^ f„
Falls, NY) have probably had the most experience with loosestrife
management. We have discussed our plan in detail with Refuge Manager
Gene Hocutt, who made many valuable suggestions. He concurfs that our
^
proposed plan will probably provide the most effective means for
suppression and £ontroT of loosestrife in the areas to be restored.
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We have done an extensive literature search regarding loosestrife
management and marsh restoration (see bibliography).
^ Benefits ofjhe project
1. It vSrofel create high-quality wetlands, replacing
poo^auality wetlands^Sominated by purple loosestrife.
2. It
increase habitat diversity, thereby enhancing
wildlife populations.
3. It m^v develop new methods for managing loosestrife.
4. It vtfould create wetlands in an urban environment, bringing
wetlands to the people.
5. It would enhance the beauty, naturaj environment, and
^serenity of the multiple-use path SmEnin§ / adjacent
to the wetlands.
6. Clt would result in removal of nutrients from storm water.
7. It would beautify an area now blighted with monotypic
i
stands of loosestrife.
£lV\' °\ It would create habitat for^ampftiibiafo reproduction in an
area wher^uchVMbitial/is §p&rcl&/ ^
^
9. It would enhance the education of students and the public
C about the value of wetlands.
10. It will create a living laboratory for university
researchers.
11. It will provide hands-on experience for children and
adults who volunteer to assist in the restoration.
Detriments of the project
1. It will be expensive.
^ 2. It will necessitate the expenditure
of fossil fuels.
3. It will require an intensive public education effort to allay
fears of increased mosquito production, and to convince
/
/ J
the general public that marshes are desirable.

In anticipation of public concern about the possibility of the
restored marshes providing more "swamps for mosquitoes to breed in," we
have consulted with Robert Sjogren (Metropolitan Mosquito Control) and
Harold Chapman (American Mosquito Control Association). The two
experts agree that the marsh restoration plan is good and should reduce
mosquito populations providing that certain precautions are taken.
JSentle slopes covered with reed canary grass are excellent
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producers of Aedes vexans. especially where thatch has accumulated and
is saturated with water. Water-saturated reed canary grass thatch
provides optimal habitat for overwinter survival of A^vexans eggs. Reed
canary grass occurrence is the single best indicator of nuisance mosquito
production areas (91% frequency of occurrence in the Twin Cities area).^
Control of A- vexans is best accomplished by eliminating gradual
slopes, increasing slopes to 3:1, and creating* o^ivw^le^ afeas. Water
within loosestrife stands isJfjrfoptyfyp not as good A. vexans habitat as the
reed canary grass-water interface. In all likelihood, interface areas will
continue to be dominated by loosestrife, thus lessening the area available
for mosquito production.
Creating expanses of open, permanent water will encourage natural
invertebrate predators. Occasional sump holes should be dug to act as
reservoirs for invertebrate predators. Care should be taken to ensure that
temporary pools of water do not accumulate on the backside of berms.
If cattails become abundant, the mosquito Coquillittieia (Mansonia)
proturbans could become a problem. The species lives on cattail roots (as
many as 260 on the roots of one plant). The species produces one very
obnoxious brood per year and is not very vulnerable to predators and
insecticides because it lives in silt all its larval and pupal life, only
coming to the surface to emerge as an adult. The best control method for
this species is to dry the marsh periodically (but this would facilitate
loosestrife). Barr (1958) contains a good account of the ecology of
proturbans.

A PLAN FOR INDUSTRIAL PARK CREATION,
LAKE DREDGING, AND WETLAND RESTORATION
AT WINONA, MINNESOTA
&y
Dr. Calvin R. Fremling
Professor of Biology, Winona State University
Robert J. Bollant
Director of Public Works, City of Winona
Dr. Neal D. ilundahl
Assistant Professor of Biology, Winona State University

I. Introduction and Acknowledgements
This document provides Information pertinent to: 1) creating an
industrial park within Winona's flood dikes by filling a drained wetland
with dredged material from Lake Winona, 2) deepening the east basin of
Lake Winona by dredging, thus improving the shallow, eutrophic lake and
providing the necessary fill for the industrial park, and 3) mitigating the
loss of wetland within the industrial park by restoring degraded wetlands
adjacent to Lake Winona (Figure 1).
We are indebted to Dr. Carol A. Jefferson (Professor of Biology,
Winona State University) and Dr. Phillip C. Whitford (Assistant Professor
of Biology, Winona State University) for advice and supervision of the
following students who did individual research studies in the project
areas during the spring of 1990: Jeff Schemenauer, Jeff Jarnbretz, Bruce
Ebnet, Karen Babitt, Angie Remus, Rachel Slaby and John Brancich. George
Heckman, who helped dredge the lake in the the 1950's, provided historical
information and technical advice. Charles Robers (Robers Dredging
Company) provided technical advice and conducted sediment studies.
Arthur Hawkins (U.S. Fish and Wildlife Service), Nick Gulden (Minnesota
Department of Natural Resources) and William E. Green (U.S. Fish and

Wildlife Service, retired) reviewed plans for the projects arid made
valuable suggestions.
if. Natural Setting
The following information is extracted from Fremling arid Heins
(1986), Fremling et al. (1989) and Wright (1989). Winona is located in
southeastern Minnesota in what is commonly called the Driftless Section
of the Central Lowland Province West of the Mississippi River (Figure 2).
The Driftless Section includes most of southwestern Wisconsin, parts of
southeastern Minnesota, and northeastern Iowa. It has been called
"driftless" because for years no evidence of glaciation, such as glacial
drift, could be found in the section. Recent investigations, however, have
found erratics and alluvium believed to be of glacial origin. Thus, it now
appears that the section was glaciated, at least very early during the ice
age.
Paleozoic rocks overlie Precambrian rocks throughout the Driftless
Section (Figure 3). The Paleozoic rocks are relatively flat-lying
sandstones, dolomites and shales that have a combined thickness in
excess of 1,000 feet in some parts of the area. The rocks were formed
from sediment deposited by successive marine inundations occurring
during the Cambrian, Ordovician arid Devonian Periods (between
400,000,000 and 600,000,000 years ago). The sediments were later
compacted and cemented, forming sedimentary rocks.
The Mississippi River began its evolution about 500,000 years ago
as an ice-marginal stream, incising its valley into the soft sedimentary
rocks as it flowed along the edge of the Nebraskari glacier. The
development of the master stream caused a complex drainage network of
tributary streams to develop. The major period of valley downcutting
was very recent, occurring within the past 20,000 years.
The last of the Wisconsin glacial episodes climaxed about 14,000
years ago (Figures 4,5). Southeastern Minnesota was scarcely touched as
a glacial lobe advanced from the northwest, passed west of Rochester and
extended southward as far as Des Moines, Iowa. About 12,000 years ago,
the lobe melted back into the Red River Valley and blocked its own
drainage route towards Hudson Bay via the Red River. Because of this
damming action, melt water was ponded in front of the retreating glacier,
forming Glacial Lake Agassiz, which covered much of northwestern
Minnesota and parts of North Dakota, Ontario and Manitoba. For about
3,000 years, Glacial Lake Agassiz spilled over its southern rim, poured

down the Minnesota River Valley, and formed a large river called the
Glacial River Warren. The River Warren was many times larger than the
present Minnesota River, but carried little sediment. The Glacial St. Croix
River added sediment-free overflow from Glacial Lake Superior, rendering
the sediment-hungry Mississippi River capable of carrying all the
sediment added to it by tributary streams, with still enough erosive
capacity to deepen the Mississippi channel by as much as 300 feet (Figure
6b).
As the most recent glacier retreated into Canada about 9,500 years
ago, its meltwaters were once again able to drain to the north via the Red
River, arid the River Warren lost the supply of sediment-free water
formerly contained in Glacial Lake Agassiz. Glacial ice also melted in
eastern North America, enabling the Great Lakes to drain freely through
the St. Lawrence River into the Atlantic Ocean. Consequently, the level of
Lake Superior dropped until it no longer overflowed into the Mississippi
via the St. Croix River. At this time, about 9,000 years ago, the modern
Mississippi River came into being.
Because the volume of flow of the Mississippi was reduced by loss
of glacial meltwaters, and because its gradient was so gradual, the river
lost its ability to transport the sediment load carried in by its steepgradient tributary streams. This resulted in the valley slowly filling with
sediment to its present elevation. Tributary rivers (especially the
Chippewa) overloaded the Mississippi with sediment, causing it to change
from a single channel to a braided river consisting of many small ,
intertwined channels (Figure 6c). The City of Winona lies atop a large
sand bar which formed between two such channels. Even though the city
lies in an area not recently glaciated, it owes its location to the glacial
till which washed into the Mississippi from tributary streams,
it is important to realize that Winona is not surrounded by hills.
Rather, Winona lies at the bottom of a 600-foot deep trench cut through
the typical, flat midwest topography that makes up the top of the
surrounding plateau (Figure 3).
Within the last several thousand years, erosion from the surrounding
highlands has resulted in formation of alluvial deltas at each point where
a tributary stream carries sediment into the Mississippi River valley.
Thus, an old channel of the Mississippi, which ran between Winona and the
Minnesota bluffs, was cut off from the rest of the river by deposition
from Garvin Brook (Figure 6d) on its upstream end arid by deposition from
Burns Valley Creek on its downstream end. Gil more Creek added much of
its own sediment at about midpoint, dividing the long, isolated channel

into two lakes, known today as Boiler Lake arid Lake Winona.
During the early settlement period in the 1850's, Lake Winona was a
marshy lake that connected to the river at its downstream end during
flood time. As late as 1852, steamboats passed through the proposed
Riverbena Industrial Park and Lake Winona on their way up Crooked Slough
during flood time. Because of severe soil erosion during the late 1800's,
the alluvial deltas of the various creeks increased in size, further
separating Lake Winona from the river. The raising of Mankato Avenue and
subsequent dike construction finally isolated Lake Winona from the river
during all river levels.
The soils of the floodplain are alluvial, varying in texture from silty
clay to sand. The composition of the soil depends upon the manner in
which the soil was deposited. The strata are composed of clay, silt, sand
and gravel arid are very irregular. Stream banks plainly show the varying
thicknesses of the different materials and in many places the lack of
continuity of the sand and gravel layers above low water level. Sand and
gravel strips border most sloughs, but some of the larger, more elevated
areas between the sloughs are covered with heavy silty loam which is
underlain with sand or gravel. Prior to impoundment by navigation darns
during the 1930's, these silty tracts were usually managed for hay
(Fremling, 1974).
III. History of the Project Area
Captain Orrin Smith, owner of the steamboat "Nominee" is
acknowledged as the founder of the first settlement at Winona in 1851.
In spite of a history of flooding, Winona was settled rapidly because of its
easy access by steamboat. By 1870, Winona's population was 7,000 and by
1890 it had swelled to 20,000. In addition to being a shipping point for
small grains and other commodities, Winona rapidly became the world's
greatest sawmill center. White pine and Norway pine logs were sent
downstream from the pineries of northwestern Wisconsin via the
Chippewa arid St. Croix Rivers to the Mississippi, and then rafted
downstream to sawmills at Winona. The first sawmill opened in Winona in
1855; by 1892 the nation's four largest mills were producing 150 million
board feet of lumber and 90 million shingles, and were employing 2,000
men. River traffic and the lumber industry both reached their peak in
1892 when 5,468 steamboats passed through Winona. The pineries were
soon exhausted, however; the last raft of Wisconsin timber passed Winona
in 1915.

Excellent railroad connections have been available to Winonans since
the late 1800's when the city became the meeting place for five railroads.
However, the railroads spelled the death knell for most of the shallow
draft steamboats. By 1920, steamboats were scarce on the river. It was
not until the development of the 9-foot navigation channel in the 1930's
that towboats began to compete once more with railroads as haulers of
bulk commodities. Because of its access by modern deisel-powered
towboats, Winona has become a major terminal for grain, especially corn
and soybeans.
Riverbend Industrial Park
Because it developed as an early steamboat port and sawmill center,
Winona lies almost entirely within the floodplain of the Mississippi River.
Flooding has always been a threat to the city, but never was the threat of
a major disaster as great as it was during the record flood of April, 1965.
A 10.4-rni 1 e-1ong temporary dike (levee), erected hastily during the flood,
saved the city. Subsequent to the flood, the portion of the dike from
Minnesota City to the interstate bridge was replaced by a permanent dike
authorized by the1958 Flood Control Act (Stage i Project, completed in
1967). Yet, Winona still relied upon 4.3 miles of temporary dike that
extended downstream from the interstate bridge. The temporary dike was
expensive to maintain and aesthetically displeasing because it ran the
length of Levee Park. More important, the temporary dike was unreliable
because portions of it were constructed upon porous materials such as
sawdust deposits left from Winona's early sawmill days.
In 1974, Fremling et al. prepared an environmental impact
assessment report on the flood control project and waterfront
development at Winona for the U.S. Army Corps of Engineers in accordance
with the National Environmental Policy Act of 1969. The assessment
treated 11 river-oriented projects (including Riverbend Industrial Park),
but placed most emphasis on the environmental impact of the Stage 11
Flood Control Project proposed for the City of Winona. The proposed Stage
II Dike was designed to complement the section of permanent dike
completed in 1967, resulting in complete flood protection for the city.
The 1974 assessment provided the basis for the "Final Environmental
Impact Statement, Flood Control Project and Waterfront Development,
Winona, Minnesota" (U.S. Army Corps of Engineers, St. Paul District, 1976).
Most of the following information is extracted form the 1974 assessment
arid the 1976 statement.

The Stage II Project for flood damage reduction on the Mississippi
River at Winona, Minnesota, described in House Document No. 92-152,
92nd Congress, 1st Session was authorized under Section 201 of the Flood
Control Act of 1965. The proposed flood control project was designed to
provide protection for the City of Winona against a Mississippi River flood
having an expected frequency of occurrence of about once in every 300
years.
Following the record flood of 1965, city representatives requested
that the authorized dike be extended to provide flood protection for the
entire Winona riverfront, which was heavily damaged by 1965 flood flows.
At a public hearing held on September 9, 1965, in connection with the
existing authorized project, local interests again expressed concern over
the remaining flood hazards facing the community and requested that the
authorized dike be extended downstream to high ground below Lake Winona
to protect the industrial and commercial complex along the riverfront
(Figures 7,8). Such a plan, they stated, would also remove the flood threat
from a large area of unused land eastward of Lake Winona and would
provide growth opportunities for the city. This extension below Lake
Winona would replace the authorized alignment just below the existing
Lake Winona outlet structure. During the flood of 1965, virtually all of
the proposed Riverbend Industrial Park was under water. The large floods
of 1967 and 1969 further aroused the community in their desire for
additional flood control.
The 1976 Environmental Impact Statement stated, in various
sections, that "Much of the 1990 future land use plans for Winona are
based on attracting industry to the city. One of the cornerstones of those
plans involves the creation of Riverbend Industrial Park. The two-fold
purpose of the park is to riot only attract new industry but to concentrate
existing industry within a controlled area. Completion of the Riverbend
industrial Park, Phase II would provide employment, increase the tax base
for the city, and result in increased industrial volume throughout the city.
It would provide an incentive for industry to move from the city to a
planned, regulated area which is riot residential. The area considered
would be protected by the proposed flood control project." It further
stated that" Much of the proposed development of industry in Winona is
predicated upon the construction and development of Riverbend Industrial
Park. Presently, that area consists of marginal river lands, its
development will increase the tax base in Winona arid increase land values
in the area. If Winona is to attain a population by 1990 such as that
proposed in the Land Use Plan, the Riverbend Industrial Park, or some

equivalent area will be needed for industrial development in order to
provide the necessary jobs to attract new residents. Concentration of
industry in Riverbend Industrial Park would help reduce all types of
pollution within the business and residential sections of the the city (e.g.
truck traffic, noise, odor, etc.). if it is desirable for the city to continue
to grow industrially, it is better to have industries move into pre-planned
parks which will not aesthetically degrade the scenic Winona environment
than it is for them to move into the surrounding valleys or for them to
continue the unnecessary monopolization of the waterfront. It also seems
more sensible to construct a permanent dike and to locate industries
within it than it does to build the industries and then construct protective
dikes as an after thought."
On March 6, 1975, the Winona Port Authority applied for a Corps of
Engineers permit to dredge 731,000 cubic yards of sand in order to
construct a 36-barge fleeting area and cleanout facility on the right bank
of the Mississippi River at River Mile 722.5. The dredged material was to
be used as fill for Riverbend Industrial Park Phase ii (Figure 9). On
October 25, 1975, the permit applicant submitted a revised plan, reducing
the proposed project in size to handle only 24 barges, but the quantity of
dredged material would remain the same. The Riverbend project called for
the filling of an 800-foot x 3,400-foot area of Riverbend Industrial Park
to an elevation of 656.5 with sand dredged from the proposed fleeting
area. The fill which would be pumped from the fleeting area into
Riverbend would reduce the cost of both building sites because costs could
be written off on two projects.
The city's existing floodplairi regulation (adopted in 1974) required
that the minimum elevation of the lowest structure within Riverbend
must be at least 659.0 elevation or at least one foot above the 100-year
frequency of flood. Because of the high cost involved in filling Riverbend
to this elevation, the city opted to pay their required share of the
additional cost for protecting Riverbend with the revised Stage II dike
system. City officials felt that after the dike was completed, affording
complete flood protection for Riverbend, regulations would probably be
modified to permit construction at a lower elevation.
An integral part of the Stage II dike was a pumping station which
would lower the level of Lake Winona during flood time. Since Lake
Winona acts as sump for the city, lowering the lake also lowers the -watertable beneath the city so that basements are not flooded by the seepage of
groundwater. The pumping station was to be placed in County Ditch No. 4
at a point 0.8 miles east of the temporary pumping station at Mankato

Avenue (the outlet of Lake Winona). As a result., the water level in County
Ditch No. 4 would always be kept lower than the level of Lake Winona (and
also below the level of Riverbend Industrial Park).
The portion of the Stage ii dike running from Peerless Chain
Company to Highway 61 was to have been constructed upon or next to the
old Chicago and Great Western Railroad bed (Figure 7). The dike would
have destroyed a strip of marsh arid upland vegetation somewhat wider
than the dike. It also would have enclosed (and thus endangered) 40.6
acres of Type I and II wetlands just north of Highway 61. As a result of
comments on the Draft Environmental Impact Statement made by the U.S.
Department of the Interior and the Minnesota Department of Natural
Resources, the alignment of the dike was modified to exclude these
wetlands from the protected area (Figure 8). The new dike alignment
protected the wetlands, but resulted in a commensurate loss of 40.6 acres
of potential industrial development land within Riverbend. The original
proposal was to have a roadway (Bundy Boulevard) utilizing the top of the
dike as a connecting link between Highway 61 and Riverbend. Because of
the new alignment, the city had to pursue other alternatives for
connecting Highway 61 to Riverbend. The alignment of Burns Valley Creek
also was changed so that it would be channelized from the sharp bend
located 986 yards upstream of the Highway 61 bridge down to a point
located 176 yards downstream from the bridge.
Plans for the previously mentioned 24-barge fleeting area near
Peerless Chain Company and an alternate mid-channel, 100-barge fleeting
area at River Mile 723 were abandoned, primarily because they were too
remote (about 7-mile round trip to the grain terminal in Crooked Slough),
but also for a variety of environmental concerns.
in the spring of 1974, the Riverbend area designated to receive fill
from the 24-barge fleeting area was cleared of trees (Figure 9). Saleable
logs were removed, and all slash was burned during the summer of 1974.
A contract for stump removal was let during the fall of 1974.
Examination of stumps and suckers showed that, prior to clearing, the
area contained mature American elm (Ulrnus arnehcanus). silver maple
(Acer saccharinum), and sandbar willow (Sailx interior). A 0.6-acre
wetland existed in the Phase II portion of the industrial park (Figure 7). it
was subject to periodic flooding by spring runoff and by seepage of ground
water.
In a letter dated March 31, 1976, from the U.S. Environmental
Protection Agency, the District Engineer was advised that the filling of
Riverbend Phase II would not require rnitigative measures in view of the

modification of the proposed dike alignment around the industrial park.
The letter also stated that the EPA remained opposed to the construction
of the 24-barge fleeting area because of the existence of other viable
alternatives. Riverbend Phase II was one of the sites that was being
considered for disposal of dredge materials resulting from Mississippi
River channel maintenance. The city also was advised that if the Phase II
Riverbend project was to be constructed, a permit in accordance with
Section 404 of the Federal Water Pollution Control Act Amendments of
1972 would be required.
Because the Winona Port Authority could not obtain permits to fill
Riverbend Industrial Park and develop a barge fleeting site below Peerless
Chain Company, it applied for permits in the Commercial Harbor. In 1977,
the Port Authority received permits to dredge out a 33-barge fleeting area
and a barge staging area along the Crooked Slough channel and to fill 16
acres in the Commercial Harbor. Even though this was a very expensive
project, the Port Authority was able to obtain funding , and it completed
the project in 1984. This gave Winona one of the finest barge fleetingstaging areas adjacent to the main channel of the entire Upper Mississippi
River.
B. Lake Winona

The following is a summary of the complex modern history of Lake
Winona and the efforts to restore it as a multiple-use resource. For
detailed limnological information, historical records, maps, etc., the
reader is referred to "A Lake Winona Compendium" (Fremling and Heins,
1986) appended to this document.
Lake Winona, a 319-acre floodplairi lake which lies within the City
of Winona in southeastern Minnesota (Figure 10), is highly eutrophic
because it receives nutrient-rich urban runoff from storm sewers of
Winona arid Goodview (Figures 11,12). The lake, flanked by State Highway
61, is the first Minnesota lake that many tourists see.
Because of soil erosion problems and the consequent transporting of
agricultural soil into Lake Winona during floods of Gil more Creek, Lake
Winona has been dredged several times. The first dredging occurred in
1913; dredged material was used to construct Lake Park, Maxwell Field
arid the Huff Street causeway.
The following information about subsequent dredging was supplied
by George Heckman, Winona, MN, who participated in the dredging. In the
1930's the City of Winona purchased a dredge and used it to fill lowlands

east of Franklin Street. The project was suspended during World War II,
but was resumed after the war, when the entire lake was dredged because
it had again filled with soil (Figure 13). The city-owned dredge was used,
on a small scale, from 1946 to 1948 and then moved to Latsch Beach on
the Mississippi River. The 1951-1952 dredging was done by the Walter
McGee Company using two dredges: the 12-inch "Walter" and the 16-inch
"Louise." The original goals of the project were to remove "sea weeds" arid
muck, and to expose a sand bottom by dredging to a depth of 8 feet (or
even 10 feet if necessary). When dredging to the prescribed depth failed
to bare a sand bottom, the contractor was told to dredge downward until
he found sand. No sand was found, even though some areas were dredged to
a depth of 60 feet. This dredging deepened the lake to an average of 8 feet
at a cost of $485,900, made holes as deep as 44 feet (after caving of
steep sides) along the lake's northern perimeter, provided the fill upon
which the hospital and high school were built, and destroyed the extensive
wetlands which originally surrounded the lake. The cutter heads of the
dredges had difficulty "chewing through massive tree-like root systems of
white water lilies." The lake was dredged again in 1957-1956, on a small
scale, to improve the lake for swimming by eliminating drop-offs.
The fate of Lake Winona has been associated intimately with
Gilmore Creek, which has been rerouted several times since 1885.
Because it has such a large watershed, Gilmore Creek is especially prone
to flooding. At its maximum flow on July 21, 1951, Gilmore Creek carried
5,360 cfs (Upper Mississippi River Comprehensive Basin Study Committee,
1970). The Mississippi River at Winona, by comparison, at its minimum
flow on December 29, 1933, contained only 2,250 cfs. Many engineering
projects (channelization, diversions, darns and dikes) have been employed
to prevent Gilmore Creek flood waters and their sediments from damaging
the city and Lake Winona. Since 1944, Lake Winona has flowed into a flood
reservoir (Boiler Lake) before entering Lake Winona (Figures 11,12). This
diversion has prevented further siltation of the lake.
Winona's flood dike now isolates Lake Winona from the Mississippi
River. Lake Winona receives no water directly from the river, but its level
rises and falls with river level because the sand bar separating the lake
from the river is very porous. A pumping station on the lake's outlet ditch
maintains the lake level during flood time.
Severe winter kills in 1965 and 1969 allowed stunted bigmouth
buffalo (Ictiobus cyprinellus). common carp (Cuorinus carpio), black
bullhead (ictalurus melas). and gizzard shad (Dorosoma cepedianum) to
dominate the lake until 1973, when a reclamation project was initiated to

create a sport fishery, mainly for children, the elderly and the
handicapped. The Lake Winona Committee, a non-profit corporation, raised
funds, installed equipment, and coordinated the cooperative efforts of the
Minnesota Department of Natural Resources, the City of Winona and Winona
State University. Most of the work was done by volunteers; virtually all
equipment was purchased by local contributors.
The reclamation of 1973 included: 1) installation of aeration
systems to prevent winter kills, 2) installation of an electric weir to
prevent rough fish from entering the lake from the river, 3) treatment of
the lake and tributary waters with rotenone to kill all fish, 4) cleanup of
over 225,000 pounds of dead fish (730 lbs/acre), and 5) restocking with
bluegill (Lepornis macrochirus). largemouth bass (Micropterus salrnoides),
small mouth bass (Mi cropt erus dol orni eui). northern pike (Esox lucius),
muskel lunge (Esox masquinongy) and 'walleye (Stizostedionvitreum).
Fishing was excellent during the first 10 years following
restoration, but bluegills and crappies became stunted, primarily because
of: 1) excessive cover provided by lush growth of exotic curlyleaf
poridweed (Potamogeton crispus) that proliferated after the rough fish
were killed and the lake cleared, 2) insufficient predation, 3) insufficient
benthic invertebrates for food due to bottom sediments being anoxic, 4)
crowding, and 5) excellent spawning habitat existing along most of the
shoreline.
An Altosar weed cutter-harvester was purchased in 1982 and has
been used each summer to harvest nuisance aquatic plants. Northern pike,
bowfin (Amia calva) and flathead catfish (Pulodictis olivaris) have been
stocked as predators to reduce numbers of bluegill. Fishing for northern
pike and bass remains good.
Three fishing piers have made the lake accessible to handicapped
fishermen. The lake is now encircled by a 5.3-mile, asphalted, scenic path
that is used extensively by walkers, joggers, bicyclists, roller skaters,
arid crosscountry skiers.
The physical and biological condition of the lake has been monitored
routinely by Winona State University, St. Mary's College arid the Minnesota
Department of Natural Resources. Their data show that aeration is
essential to prevent winterkills, and that weed harvesting is prolonging
the useful life of the lake, but that the rate of eutrophication is
increasing due to storm sewer input.
Art interceptor sewer line should be constructed to prevent nutrientcharged storm water from entering the lake. However, the lake has
accumulated enough nutrients (in the form of organic sludge) since it was

dredged in the early 1950's to last indefinitely, even if a storm sewer
interceptor line is constructed. Construction of a storm sewer
interceptor seems to be prohibitively expensive at the present time
because the entire line would have to be constructed below the water
table, necessitating expensive dewatering with fields of sandpoint wells.
The most feasible lake improvement measure at this time appears to
be extensive dredging to: 1) remove nutrient-rich sludge that also has a
high biochemical oxygen demand, 2) make the lake so deep (at least 16
feet) that rooted aquatic plants would have insufficient light to grow,
and 3) increase the volume of the lake and its capacity to store dissolved
oxygen.
IV. Chronology of Efforts to Fill Riverbend Industial Park and
Dredge Lake Winona.

August 2, 1985 - U.S. Army Corps of Engineers (USACE) issues
public notice that the City of Winona has applied for a Section 404 Permit
to fill all of Riverbend industrial Park between the Lake Outlet Ditch and
T.H. 61 (Appendix IV-1).
April 24, 1987 - Robert Boll ant (Director of Public Works, City of
Winona) and members of the Lake Winona Committee (LWC) meet with
Robert Hernker (Modern Transport Co.) to determine the feasibility of
mining sand from beneath Lake Winona for construction purposes, thus
deepening and improving the lake. Further studies by Hemker determine
that this is infeasible. Hernker also surveys markets for Lake Winona peat
soil, but transportation costs make this infeasible. It also is deemed
impractical for the city to buy a dredge and operate it with city
employees. Dredging is a 24-hour operation, and present union contracts
would make the use of city employees prohibitively expensive.
March 5, 1986 - Paul Richert (USACE) and Gary Wegg, U.S. Fish arid
Wildlife Service (USFWS) are invited to Winona to inspect possible
disposal sites and discuss dredging options. They request additional
information about the dredging plan, spoil disposal sites, amount of
wetland to be lost, arid assurance that there are no other spoil sites.
January 22, 1986 - The USACE denies the Winona Port Authority's
permit application to fill 90 acres of Riverbend Industrial Park (Appendix
IV—2). In his letter of denial, Colonel Joseph Briggs advises the Port
Authority to reapply when it can show need for filling Riverbend.
April 6, 1986 - Robert Bollant arid LWC members meet with Charles
Robers and Tom Abrarns (Robers Dredging Co.) to discuss dredging

technology and to make plans for sounding East Lake Winona to determine
sediment profiles.
May 28, 1986 - Robers, Abrams arid LWC sound East Lake Winona at
40 stations to determine sediment profiles.
October 2, 1986 - Bollant, Rubers, Abrarns and LWC review results
of May 28 sediment study.
April 10, 1987 - LWC submits recommendations for dredging Lake
Winona (Appendix IV-3), using wetlands along south side of Lake Winona
as disposal areas, and constructing a storm sewer interceptor.
April 27, 1987 - Bollant submits feasibility report to the Winona
City Council for dredging of Lake Winona (Appendix IV-4) based on LWC
recommendations and the results of recent studies. The report outlines
construction problems, projected costs, and a review of all possible spoil
disposal sites arid the problems associated with each. City Council
directs Bollant to apply for necessary permits to dredge the entire sake,
using the area between T.H. 61-14 and Lake Winona east of Huff Street as
a disposal area.
September 4, 1987 - Bollant applies to USACE and Minnesota
Department of Natural Resources (DNR) for permits for a pilot project to
dredge 34.4 acres (Appendix IV-5).
October 15, 1987 - USACE issues Public Notice of Winona's permit
application (Appendix IV-6).
November 5, 1987 - A public meeting is held in Winona to discuss
permit applications. Represented were: City of Winona, USFWS, USACE,
DNR, Winona State University (WSU) arid LWC. No agency had problems
with dredging Lake Winona, but all had problems with the potential
disposal sites because they were all classified as wetlands.
December 16, 1987 - On basis of DNR advisory, USACE denies permit
application without prejudice (Appendix-8).
June 16, 1988 - Bollant, LWC meet with Charles Rober (Robers
Dredging Co.) to discuss dredging options.
July 18, 1988 - Bollant submits arnrnendment to the April 27, 1987
feasibility report to the City Council (Appendix IV-9). The amendment
discusses alternate potential disposal areas (Brorik farm between Gilrnore
Creek arid Good view Road, Madison Silo gravel pit) and explains why each
is infeasible, mainly for environmental reasons. The areas between Lake
Winona arid Highway 61 cannot be used as disposal sites because they are
Y/etlands, as indicated mainly by presence of purple loosestrife. The
report concludes that it is therefore only possible to dredge the east lake
arid that the only plausible disposal area is Riverbend, which is also

classified as a wetland even though the new pumping station on the Lake
Winona outlet ditch drains the area, even during flood time.
September 28, 1988 - Bollant and LWC meet with Winona Port
Authority to explain possible use of Riverbend as disposal area arid to ask
the Authority to accept muck from the lake atop the sand pad. Permission
granted.
October 5, 1988 - Bollant and LWC meet with DNR arid Minnesota
Pollution Control Agency (PCA) to discuss feasibility of plans for dredging
and disposal.
March 17, 1989 - Bollant and LWC meet with Congressman Tim
Penny's staff to seek funding for lake dredging and Riverbend.
April 6, 1989 - City of Winona applies for permit (Appendix IV-10)
to dredge East Lake Winona using dredged sand to fill Riverbend. One half
of dredged muck would pe placed atop Riverbend sand, the other half would
be pumped into the hole created by sand removal.
May 2, 1989 - USACE issues public notice of Winona's Section 404
permit application, which revises and combines earlier permit
applications (Appendix IV-11).
June 16, 1989 - Twenty-nine representatives of the following
organizations meet in Winona (Appendix IV-12) to review Winona's Section
404 permit application and to tour the proposed project areas: City of
Winona (Mayor, City Manager, City Council, Director of Public Works, Parks
and Recreation Director), USFWS, USACE, PCA, Winona County Board of
Commissioners, LWC, WSU, Timothy Penny (US Congress), Steven Morse
(Minnesota Senate), Virgil Johnson (Minnesota House of Representatives).
July 25, 1989 - DNR, USFWS, USACE, LWC, City of Winona, and WSU
meet to discuss Section 404 Permit application. Consensus is that Lake
Winona dredging and Riverbend filling are permissible if adequate
mitigation is accomplished via wetlands creation and/or improvement.
August 15, 1989 - City of Winona requests technical assistance
through USACE Dredging Operations Technical Support Program (DOTS) and
Wetlands Research Assistance Program (WRAP) in the design of a
mitigation program related to the dredging of Lake Winona and the filling
of Riverbend (Appendix IV-13).
November 28, 1989 - Robert Bollant and Dr. Calvin Fremling (WSU)
meet with David Ballman (USACE, St. Paul District) and Robert Lazor
(USACE Waterways Experiment Station, Vicksburg, MS) (WES) to discuss
potential mitigation measures. Informally, they agree that in-lake marsh
creation is undesirable, but that it may be possible to restore the
wetlands between Lake Winona and Highway 61 as mitigation. The marsh

restoration would have the added benefits of loosestrife management,
education, and environmental interpretation. WES will review draft
mitigation proposals routed to them through USACE, St. Paul District, arid
offer technical advice.
January 3, 1990 - City of Winona requests services of Dr. Calvin
Fremling to work with Robert Bollant in preparing a mitigation plan for
dredging Lake Winona (Appendix IV-14,15).
January 26, 1990 - President Darrell W. Krueger (WSU) authorizes
one-half time release for Dr. Fremling, Spring Quarter 1990 (Appendix IV16).
February 12, 1990 - Fremling and Dr. Neal Mundahl (WSU) submit
funding proposal to the Legislative Commission on Minnesota Resources
(LCMR) for funding of marsh restoration project (Appendix IV-17).
V. Results of Field Investigations Conducted During Spring 1990
A. Riverbend Industrial Park- Vegetation Mapping
The following is based on engineering data supplied by the Winona City
Engineer and a research paper "Ecological Characterization of Riverbend
Industrial Park" by Bruce Ebnet, Winona State University Biology Major,
May 1990.
Introduction
Riverbend Industrial Park is being considered as a repository for sediment
to be dredged from Lake Winona, but permit applications have been denied,
primarily because the area supports wetland vegetation arid has hydric
soils. The City of Winona contends that the area is no longer a wetland
because the pumping station on County Ditch No. 4 keeps it dry at all
seasons. The purposes of this study were to: 1) map the present
vegetation of the area, 2) determine the proximity of the water table to
the soil surface, 3) determine the degree to which upland species of
vegetation are invading the area, arid 4) make observations of wildlife and
human usage.
Methods and Materials
A base map was made by projecting a photographic slide of a USFWS
high altitude, infrared photograph (9-16-84, 1:24,000) on paper arid

tracing pertinent structural features, thus producing a map at a fractional
scale of 1:1/200. Transect lines, 400 feet apart and running in a northsouth direction, were established, using Sylva compass, range pole and
steel tape. Transects were marked with fluorescent tape. Vegetative
boundaries were determined along transects by actual measurement
and by using a range finder. Relative elevation of the water table was
determined by direct measurement in 5 piezometric wells installed by the
Corps during construction of the permanent dike. Wildlife observations
were made during the course of the vegetation studies.
Results
Major species of vegetation are mapped in Figure
The major
tree species of the area are willow (Salix interior), silver maple (Acer
saccharinurn). cottonwood (Fopulus deltoides). and boxelder (Acer
negundo). Open areas are dominated by reed canary grass (Fhalaris
arundinacea). Major wildlife species include whitetail deer, cottontail
rabbit, and beaver. The only permanent surface water exists in the utility
ditches dug in 1974 and in the small cattail marsh near Fleetfarm. Data
collected from piezometer wells are included in Table ?
add piezometer table here, substituting ground level for top of cmp
Conclusions
Most of the trees in the area logged in 1974 are multiple-stemmed,
indicating that they are clones arising from stumps. The presence of
single-stemmed boxelder among them demonstrates invasion of the
floodplain forest by an upland species. Piezometer measurements showed
that the water table lies 3-6 feet below ground level, even after a 5-inch
rain on April 22 left the entire area inundated to a depth of from 2 inches
to 4 feet (the latter in the cattail marsh) for about a week. Percolation of
rain water is retarded because the sand substrate is capped by fine
alluvial sediments that range in thickness from 1.5 to 36 feet deep. Sand
occurs throughout most of the area at depths of 9-15 feet. The cattail
marsh exists because it lies in a shallow basin, perched on a lens of fine
sediment. The water table is maintained significantly below ground level
by drainage via County Ditch No. 4 and its pumping station. The only
source of water for the area is precipitation. The wetland vegetation of
the area is a relic stand.

B. East Marsh- Small Mammal Studies
The following is a summary of a research paper "Lake Winona's East
Marsh: Habitability by Small Mammals" by Karen Babbitt, Winona State
University Biology Major, May 1990.
Introduction
East Marsh may be restored as partial mitigation for loss of
wetland if Riverbend industrial Park is filled with dredged sediment from
Lake Winona. The purposes of this study were to determine which species
of small mammals were using the area, how they were distributed, arid
their relative densities. East Marsh is bordered on the north by the bike
path, on the west by Huff Street, and on the south by Highway 61. It
consists of 10.9 acres of shallow, temporary wetland interspersed with
higher ground and trees (Figure ?). Wet areas are dominated by monotypic
stands of purple loosestrife containing small pockets of cattails.
Loosestrife and grass areas in the west half of the marsh were mowed
during early winter, 1989. Heavy rainfalls during spring, 1990, caused
large puddles of water to remain there throughout the study period.
Methods and Materials
Small mammals were live-trapped from April 3 to May 18, 1990,
using cans fitted with mousetraps and hardware cloth. Traps were baited
with a mixture of peanut butter and grain. The area was divided into 6
sections (Figure ?) arid each section was laid with traps for a period of
five days. The mowed section was larger than the other areas, but its
habitable area was limited by standing water, mowed areas, and a high
rate of disturbance.
Traps were spaced as evenly as possible along north-south
transects spaced 60 feet apart. Trap locations were marked by tying white
yarn in nearby vegetation. Traps were checked once daily for 4
consecutive days and then moved to the adjacent section, proceeding from
east to west. Captured animals were marked with fingernail polish on
their fur and released at the site of capture. Records were kept of trap
locations and frequency of capture arid recapture, enabling estimates of
home ranges and densities to be made. No attempt was made to identify
white-footed mice to species because the two species (Peromyscus

maniculatus and Peromyscus leucopus) are nearly identical
morphologically and occupy the same niches and use the same food sources
(Wolff, 1984; Parren and Capen, 1985).
RESULTS
Trapping for 24 nights yielded 76 white-footed deer mice
(Peromyscus SOD). 2 northern short-tailed shrews (EHanna brevicauda). 7
pygmy shrews (Sorex houi). 5 meadow voles (Microtuspennsul v anic us).
and 2 meadow jumping mice (Zapus hudsonius).
Based on mark-recapture technique (Pollock et al. 1990), the
Peromuscus population was estimated to be 12.3 per acre. Peromyscus
were found scattered throughout the entire area, with 301 occurring in
wooded areas, 24% among purple loosestrife, 40% in borders between the
previous vegetative types, 6% in grassy areas, and \% among cattails. The
latter data do not take into account effort or size of areas sampled. All
Peromyscus recaptures occurred within 200 feet of the original capture
location. Two litters of F'erornuscus were born inside traps. Voles were
trapped most frequently along borders between trees and loosestrife.
Both species of shrews were trapped in wet areas of loosestrife, cattails
or forest.
Based on signs such as tracks, burrows, disturbed traps with teeth
marks, and actual observation, the following mammals are believed to
inhabit the area: raccoon (F'rocuon lotor), skunk ("Mephitis mephitis),
muskrat (Ondatra zibethicus). opossum (Pidelphis virginiana). eastern
mole (Seal OPUS aquaticus). woodchuck (Marmot a mem ax), mink (Mustel a
vison). various squirrels (Sciurus SPP ). cottontail rabbits (Sylvilagus
floridanus). arid white-tailed deer (Odocoileus virginianus).
CONCLUSIONS
Spring Peromyscus population density was high compared to those
reported in similar studies (Galindo and Krebs, 1985), perhaps because of
relatively few predators due to the proximity of Highway 61. Only 241 of
Peromuscus captures were made among loosestrife even though it
dominates the area. The data in this study may have been biased because
the different sections were trapped over a six week period from early
April through mid-May. Over this time, vegetation emerged successionally
in the sections. For example, Z. hudsonius was collected only in mid-may
in the western section. This was probably because this hibernating

species had not emerged from its burrows in the eastern sections trapped
early in the study. It is also probable that voles and shrews are more
widely distributed than the data would indicate. Their high rate of
capture in east sections in April may have been due to limited food
supplies (greenery for the voles and invertebrates for the shrews).
C. Bird Studies in East and West Marshes
The following is a summary of a research paper" A Pre-Restoration
Inventory of Birds Species in Wetlands Dominated by Purple Loosestrife
(Ly thrum salicarl a) along Lake Winona/" by Angie Remus, Winona State
University Biology Major, May 1990.
Introduction
The objective of this study was to assess the species of birds
presently using two wetlands that are dominated by purple loosestrife
(Lythrum salicaria). The study focused on song birds, raptors, shore birds,
arid waterfowl observed in or near loosestrife areas, in addition to
sightings, these observations included data on feeding, courtship,
dominance, nesting, feeding, and territorial behavior.
Methods arid Materials
Data was collected biweekly from March 20 to May 25, 1990, using
Bushnell Ensign 10X50 binoculars. Observations were made by 'walking the
periphery of both study areas and by entering loosestrife stands. Data
included time, weather, bird behavior, bird-plant associations, and other
ecological information. Arrival and departure dates were noted for
migratory species. Specific observation sites are shown in Figure ?
Results
Fifty-one species were observed during the study. Some species
(e.g. raptors) did not land in the study areas, hut flew above them.
Loosestrife stands (last years tangled, dead growth) were utilized by redwinged blackbird (Agelaius phoenecius), common grackle (Qui seal us
quiseula). song sparrow (Meluspiza meloclia). American robin ("Turdus
rnigratorius). American goldfinch (Carduelis tristis). and unidentified
sparrows. Robins and grackles fed on the ground among the loosestrife.

Song sparrows and unidentified sparrows gathered nest materials among
the loosestrife and may have nested there. East Marsh contained at least
15 blackbird nests and West Marsh contained at least 5.
Trees and shrubs that bordered fields of loosestrife accomodated a
more diverse bird fauna than the loosestrife itself. A notable exception to
this was the patch of mowed loosestrife in West Marsh. Most ducks,
migratory shore birds and herons were seen there.
Conclusions
The two wetlands accomodated a diverse bird fauna, but the
extensive stands of old growth loosestrife were the least utilized. The
stands 'were utilized mainly by nesting red-winged blackbirds. The
extensive use of flooded, mowed loosestrife by many species
demonstrated that creation of open water areas could increase species
diversity. It should be recognized that this study was done during the
peak period of spring bird migration arid prior to growth and flowering of
loosestrife. Studies done during the summer period of flowering and
maximum insect activity would surely result in a different bird list.

V.

Results of Field Investigations Conducted During Spring 1990
A.

Riverbend Industrial Park- Vegetation Mapping

The following is based on engineering data supplied by the Winona City
Engineer and a research paper "Ecological Characterization of Riverbend
Industrial Park" by Bruce Ebnet, Winona State University Biology Major,
May 1990.
INTRODUCTION
Riverbend Industrial Park is being considered as a repository for sediment
to be dredged from Lake Winona, but permit applications have been denied,
primarily because the area supports wetland vegetation and has hydric
soils. The City of Winona contends that the area is no longer a wetland
because the pumping station on County Ditch No. 4 keeps it dry at all
seasons. The purposes of this study were to: 1) map the present
vegetation of the area, 2) determine the proximity of the water table to
the soil surface, 3) determine the degree to which upland species of
vegetation are invading the area, and 4) make observations of wildlife and
human usage.

\ Wt.Vho df q vtJ |))afe.Y\a{r
A —METHODS AND MATERIALS
A base map was made by projecting a photographic slide of a USFWS
high altitude, infrared photograph (9-16-84, 1:24,000) on paper and
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tracing pertinent structural features, thus producing a map at a fractional
scale of 1:1,200. Transect lines, 400 feet apart and running in a northsouth direction, were established, using Sylva compass, range pole and
steel tape. Transects were marked with fluorescent tape. Vegetative
boundaries were determined along transects by actual measurement
and by use of a
range finder. Relative elevation of the
water table was determined by direct measurement in 5 piezometric
wells installed by the Corps during construction of the permanent dike.
Wildlife observations were made during the course of the vegetation
studies.
SULTS
Major species of vegetation are mapped in Figure
. The major
tree species of the area are willow (Salix interior), silver maple (Acer
saccharinum). cottonwood (PODUIUS deltoides). and boxelder (Acer
negundo). Open areas are dominated by reed canary grass (PWil^ri<
_). Major wildlife species include whitetail deer, cottontail rabbit,
and beaver. The only permanent surface water exists in the utility ditches
dug in 1974 and in the small cattail marsh near Fleetfarm. Data collected
from piezometer wells are included in Table ?
add piezometer table here, substituting ground level for top of cmp

°" C C ONCLUSIONS
Most of the trees in the area logged in 1974 are multiple-stemmed,
indicating that they are clones arising from stumps. The presence of
single-stemmed boxelder among them demonstrates invasion of the
floodplain forest by an upland species. Piezometer measurements showed
that the water table lies 3-6 feet below ground level, even after a 5-inch
rain on April 22 left the entire area inundated to a depth of from 2 inches
to 4 feet (the latter in the cattail marsh) for about a week. Percolation of
rain water is retarded because the sand substrate is capped by fine
alluvial sediments that range in thickness from 1.5 to 36 feet deep. Sand
occurs throughout most of the area at depths of 9-15 feet. The cattail
marsh exists because it lies in a shallow basin, perched on a lens of fine
sediment. The water table is maintained significantly below ground level
by drainage via County Ditch No. 4 and its pumping station. The only
source of water for the area is precipitation. The wetland vegetation of

the area is a relic stand.
B. East Marsh- Small Mammal Studies
The following is a summary of a research paper "Lake Winona's East
Marsh: Habitability by Small Mammals" by^aren Babbitt, Winona State
University Biology Major,
19/U ,

^J?INTF*8b{}&?IQN
East Marsh may be restored as partial mitigation for loss of
wetland if Riverbend Industrial Park is filled with dredged sediment from
Lake Winona. The purposes of this study were to determine which species
of small mammals were using the area, h o w they were distributed, a n d f[Qf
their relative densities. East Marsh is bordered on the (south )by the bike
path, on the west by Huff Street, and on the south by Highway 61. It
consists of 18.9 acres of shallow, temporary wetland interspersed with
higher ground and trees (Figure ?). Wet areas are dominated by monotypic
stands of purple loosestrife containing small pockets of cattails.
Loosestrife and grass areas in the west half of the marsh were mowed
during early winter, 1989. Heavy rainfalls during spring, 1990, caused
large puddles of water to remain there throughout the study period.
' ^1llf^ODS AND MAIERIALS
Small mammals were live-trapped fromultjBe 3 tc(
1990,
using cans fitted with mousetraps and hardw&re-xloth. N^-aps were baited
with a mixture of peanut butter and grain. The area was divided into 6
sections (Figure ?) and each section was laid with traps for a period of
five days. The mowed section was larger than the other areas, but its
habitable area was limited by standing water, mowed areas, and a high
rate of disturbance.
Traps were spaced as evenly as possible along north-south
transects spaced 60 feet apart. Trap locations were marked by tying white
yarn in nearby vegetation. Traps were checked once daily for 4
consecutive days and then moved to the adjacent section, proceeding from
east to west. Captured animals were marked with fingernail polish on
their fur and released at the site of capture. Records were kept of trap
locations and frequency of capture and recapture, enabling estimates of
home ranges and densities to be m&de. No attempt was made to identify

white-footed mice to species because the two species (Peromvscus
maniculatus and Peromvscus^Jeucopus) are nearly identical
morphologically and occupy the same niches and use the same food sources
(Wolff, 1984; Parren and Capen, 1985).
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RESULTS

Trapping for 24 nights yielded 76 white-footed deer mice
(PeromysCUSftgBB), 2 northern short-tailed shrews (Blarina^brevicauda). 7
pygmy shrews (SQrexKh<?yi), 5 meadow voles (Microtus/t Dennsvlvanicus).
and 2 meadow jumping mice (Zapusl(hudsonius).
Based on mark-recapture technique (Pollock et al. 1990), the
Peromvscus population was estimated to be 12.3 per acre. Peromvscus
were found scattered throughout the entire area, with 30% occurring in
wooded areas, 24% among purple loosestrife, 40% in borders between the
previous vegetative types, 6% in grassy areas, and 1% among cattails. The
latter data do not take into account effort or size of areas sampled. All
Peromyscus^recaptures occurred within 200 feet of the original capture
location. Two litters of Peromvscus were born inside traps. Voles were
trapped most frequently along borders between trees and loosestrife.
Both species of shrews were trapped in wet areas of loosestrife, cattails
or forest.
Based on signs such as tracks, burrows, disturbed traps with teeth
marks, and actual observation, the following mammals are believed to
inhabit the area: raccoon (ProcvonuJotor). skunk (Mephitis, mephitis),
muskrat (Ondatra i,vzibethicus), opossum (Pidelphfe ,Virginia), eastern ^
mole (Scalopus^aquaticus), woodchuck (MarmQtaf.,mQnax),0hk (Mustela
vison). various squirrels (Sciurus^ spp). cottontail rabbits (Svlvilagus
floridanus). and white-tailed deer (OdQCQileus^virginianus).
— C~oy\c/ur/0Kf
CONCLUSIONS
Spring Peromvscus population density was high compared to those
reported in similar studies (Galindo and Krebs, 1985), perhaps because of
relatively few predators due to the proximity of Highway 61. Only 24% of
Peromuscus captures were made among loosestrife even though it
dominates the area. The data in this study may have been biased because
the different sections were trapped over a six week period from early
April through mid-May. Over this time, vegetation emerged successionally
in the sections. For example, Z- hudsonius was collected only in mid-may

in the western section. This was probably because this hibernating
species had not emerged from its burrows in the eastern sections trapped
early in the study. It is also probable that voles and shrews are more
widely distributed than the data would indicate. Their high rate of
capture in east sections in April may have been due to limited food
supplies (greenery for the voles and invertebrates for the shrews).
C. Bird Studies in East and West Marshes
The following is a summary of a research paper " A Pre-Restoration
Inventory of Birds Species in Wetlands Dominated by Purple Loosestrife
(Lvthrum, salicaria^ along Lake Winona/ b *
KC<^S
lj,S,
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INTRODUCTION
The objective of this study was to assess the species of birds
presently using two wetlands that are dominated by purple loosestrife
(Lythrum salicaria). The study focused on song birds, raptors, shore birds,
and waterfowl observed in or near loosestrife areas. In addition to
sightings, these observations included data on feeding, courtship,
dominance, nesting, feeding, and territorial behavior.
IfYte
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' 1 - METHODS AND MATERfAtS'
Data was collected biweekly from March 20 to May 25, 1990, using
Bushnell Ensign 10X50 binoculars. Observations were made by walking the
periphery of both study areas and by entering loosestrife stands. Data
included time, weather, bird behavior, bird-plant associations, and other
ecological information. Arrival and departure dates were noted for
migratory species. Specific observation sites are sh<£p5)vn in Figure ?
RESULTS
Fifty-one species were observed during the study. Some species
(e.g. raptors) did not land in the study areas, but flew above them.
Loosestrife stands (last years tangled, dead growth) were utilized by redwinged blackbird (Aqelaius^ phoeniceus). common grackle (QuiscalUS
quiseula). song sparrow (Melospiza^rneloclia), American robin (Turdus
migratorius). American goldfinch (Carduelisatristis), and unidentified
sparrows. Robins and grackles fed on the ground among the loosestrife.

Song sparrows and unidentified sparrows gathered nest materials among
the loosestrife and may have nested there. East Marsh contained at least
15 blackbird nests and West Marsh contained at least 5.
Trees and shrubs that bordered fields of loosestrife accomodated a
more diverse bird fauna than the loosestrife itself. A notable exception to
this was the patch of mowed loosestrife in West Marsh. Most ducks,
migratory shore birds and herons were seen there.
^^COff6LUsfoNS
The two wetlands accomodated a diverse bird fauna, but the
extensive stands of old growth loosestrife were the least utilized. The
stands were utilized mainly by nesting red-winged blackbirds. The
extensive use of flooded, mowed loosestrife by many species
demonstrated that creation of open water areas could increase species
diversity. It should be recognized that this study was done during the
peak period of spring bird migration and prior to growth and flowering of
loosestrife. Studies done during the summer period of flowering and
maximum insect activity would surely result in a different bird list.

Summary of a Research Paper, "Habitat Analysis: West Marsh,
Winona, MN" by Jeffrey J. Schemenauer, WSU Biology Major, May 1990,
Introduction
The West Marsh adjacent to Lake Winona contains a diversity of
habitat types. Open water areas are surrounded by a few meters of
cattails, other areas are covered with purple loosestrife, and a
variety of trees and shrubs are scattered throughout the area and
form a border around the marsh. The objective of this study was to
map the vegetation in the West Marsh, and to determine the
abundance of purple loosestrife in the marsh.
Methods and Materials
A generalized map of vegetation in the West Marsh was drawn
using a 1984 U.S. Fish and Wildlife Service high-altitude infrared
aerial photograph. On-site studies were used to identify the
different types of vegetation, and to modify the map to compensate
for vegetational changes that occurred since 1984.
Quantitative estimates of the importance of the major types of
vegetation in the West Marsh were made by dividing the marsh into
three areas and sampling the vegetation within each area using both
the line-intercept transect technique and the point-quarter
technique. Density, frequency, coverage, and importance indices
were calculated for the major species within each section.
Results
Purple loosestrife dominated much of the West Marsh (see are
map, Fig. ). The entire central portion of the marsh was occupied
almost exclusively by loosestrife. Trees such as boxelder,
cottonwood, willow, sumac, and trembling aspen formed a border
around much of the marsh, and also occurred on patches of higher
ground within the marsh. Pockets of cattails and Phragmites were
present along the treeeline and adjacent to open water areas.
Relative densities of loosestrife in the three sections ranged
from 0.80-1.00, relative frequencies from 0.75-1.00, relative
coverage from 0.90-1.00, and importance values from 2.50-3.00.
Boxelder and cattails were the other major plants encountered
during transect sampling, with relative densities of 0.00-0.20,
relative frequencies of 0.00-0.33, relative coverages 0.00-0.06, and
importance values of 0.00-0.50.

Point-quarter sampling in the wooded margins of the marsh
provided density estimates for the three sections ranging from
8.78-20.60 trees per 100 m2. Boxelder comprised 50% of the trees
sampled, cottonwood 25%, willow 19%, and trembling aspen 6%.
Conclusions
Purple loosestrife dominates much of the West Marsh. The area
occupied by loosestrife has expanded since 1984 at the expense of
native cattails. The area occupied by boxelder also appears to be
increasing.

Summary of a Research Paper, "Research Analysis of West Marsh
near KMart on Hwy. 61 for Lake Restoration Project" by Rachel Slaby,
WSU Biology Minor, May 1990.,
—
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Introduction
The West Marsh near KMart contains several areas with standing
water, including both open water areas and zones completely filled
by emergent vegetation. The objective of this study was to examine
several physical, chemical, and biological parameters of these
standing water areas prior to the potential restoration of this marsh
habitat.
Methods and Materials
Seven sampling sites were established randomly throughout the
marsh to characterize the water habitats. Two additional sampling
sites, one in Lake Winona and one in County Ditch #3, also were used
for comparative purposes. Water samples were collected from each
site and returned to the laboratory for analysis of pH, dissolved
oxygen, total nitrates, and fecal coliform bacteria levels, all
following standard testing methodology. A sediment core was
collected at each site for analysis of sediment organic content. An
Ekman drege was used to collect benthic macroinvertebrates from
each site (except Lake Winona) for identification and enumeration.

Results
Of the several water chemistry variables examined, some
exhibited much site-to-site variability, whereas others differed
little among sites. The pH at the marsh sites ranged from 7.6 to 8.1
(Lake Winona: 8.9, County Ditch: 8.4). Dissolved oxygen
concentrations ranged from 4.4 to 10.8 mg/l (Lake Winona: 10.4,
County Ditch: 11.6). Total nitrates in the marsh ranged from 1.40 to
3.75 mg/l (Lake Winona: 0.85, County Ditch: 2.65). Fecal coliform
bacteria counts ranged from 84 to 650 colonies/ml (Lake Winona: 64,
County Ditch: 352). Sediment organic content ranged from 20.4 to
35.2% (Lake Winona: 10.0, County Ditch: 20.3).
Twelve total taxa of benthic macroinvertebrates were collected
from the marsh sampling sites. Samples usually were dominated by
snails (three genera), fingernail clams (one genus), and freshwater
oligochaetes. Density estimates for the marsh sites ranged from
301 to 1937 individuals/m2 (County Ditch: 775).
Conclusions
Of the variables examined during this study, only dissolved
oxygen concentrations appeared to differ between open water and
vegetated sites within the West Marsh (higher levels in open water
areas). Dissolved oxygen concentrations and pH generally were
lower at the marsh sites than in Lake Winona or County Ditch #3.
Benthic macroinvertebrate densities within the marsh were
comparable to those found in Lake Winona by previous investigators.

Summary of a Research Paper, "Wetland Vegetation Sampling, East
Restoration Site" by Jeffrey W. Jambretz, WSU Biology Major, May
1990 #
'
"
Introduction
The East Marsh bordering Lake Winona contains large stands of
purple loosestrife and many trees. Because this site may be
restored to make it a better wetland, this project was designed to
identify and map the vegetation presently occupying the area. In
addition, density estimates for purple loosestrife and the major tree
species were made.

Methods and Materials
A rough map of the vegetation of the East Marsh was developed
using a 1984 U.S. Fish and Wildlife Service high-altitude infrared
photograph of the site. Field studies were used to identify the
vegetation and to modify the map to include changes in the
vegetation between 1984 and 1990.
Vegetation in the three open areas of the marsh was sampled
using a transect sampling method. Two or four transects totaling
100 m were sampled in each of the three areas to obtain data used
to calculate density, frequency, coverage, and importance indices for
purple loosestrife and other herbaceous vegetation.
The point-quarter sampling method was used to sample trees in
each of ten wooded areas around the perimeter of the marsh, and
data collected were used to calculate the same indices as listed
above.
Results
The three large open areas of the East Marsh were dominated by
purple loosestrife (see map, Fig. ). The loosestrife areas are
separated from one another by trees such as boxelder, willow,
sumac, Cottonwood, and trembling aspen. These same species also
formed a border around most of the marsh. Scattered patches of
cattails, Phragmites. assorted grasses, daylily, wild grape,
honeysuckle, and lilac also were present throughout the area*
Relative densities for loosestrife in the three areas ranged from
0.78-1.00, relative frequencies from 0.67-1.00, relative coverages
from 0.96-1.00, and importance values from 2.45-3.00. Cattails,
sumac, and a few wild grapkwere the only other plants located along
the transects within the loosestrife areas.
Boxelder was the dominant tree around the edge of the marsh.
Total tree density in the ten stands sampled ranged from 2.95-27.80
trees per 100 IT© Boxelder was the only tree species present in all
sampled areas, and was the only tree species present in eight of the
ten areas sampled. Cottonwood and trembling aspen were located in
one and two sections, respectively. Willows also were present
around the marsh, but did not occur in any of the areas sampled.
Conclusions
Purple loosestrife dominates the open areas of the East Marsh. It
apparently has displaced the native marsh vegetation in most of
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these areas. Native vegetation remains in very muddy areas, and a
few locations with water 1-3 feet in depth.
Boxelder is the major type of tree found in the East Marsh.
Purple loosestrife was not present in areas where boxelder was the
only tree species present, apparently because of the heavy shade
produced by the trees. In areas with mixed tree species, some
loosestrife was present. Tree species diversity was highest along
the north edge of the marsh adjacent to the bicycle path.

VIII. Summary of Proposed Plans for Industrial Park Creation, Lake
Dredging and Wetland Restoration
A.

Riverbend Industrial Park

The City of Winona proposes (Appendix IV-10) to dredge 950,000
cubic yards of sand material from the easterly 24 acres of Lake Winona to
fill 81 acres of Riverbend Industrial Park, raising Riverbend to an
elevation of 655.5 MSL. Additionally, 392,000 cubic yards of muck from
Lake Winona would be placed atop the sand fill, to a depth of 3 feet. After
drying to a depth of
feet the muck could be used onsite for landscaping
or used elsewhere in the city. Prior to filling, trees would be cut and
removed. Their stumps would remain. The park has a natural containment
area. Additional dikes would be constructed to keep fill away from the
Permanent Dike and the area to the west sold to Badger Foundry.
Riverbend is protected from floods by the Permanent Dike and Pumping
Station.
The cost of this project would be paid by the City of Winona. (Bob,
please elaborate on this, increased land values etc.)

B. Lake Winona Dredging
The City of Winona proposes (Appendix IV-10) to deepen 110 acres
of the East Lake of Lake Winona from a general depth of 8 feet to 16 feet
in order to eliminate nuisance weed growth and to remove nutrient-rich
organic muck that has a high biological oxygen demand. Dredging would
have many other benefits including: reduced panfish stunting, reduced need
for artificial aeration and weed harvesting, improved swimming and
boating, enhanced aesthetic qualities, and prolonged life of the lake.
The easterly 24 acres of Lake Winona would be dredged to a depth of
about 60 feet, providing 950,000 cubic yards of sand for filling Riverbend
Industrial Park. Subsequently, 950,000 cubic yards of muck would be
dredged from the 110-acre area, with 392,000 cubic yards of it going to
Riverbend and the remaining 558,000 cubic yards being pumped into the
hole created by sand removal. A containment curtain would be used to
contain silt in the 24-acre area. The muck would be^evenlw spreagl^over
the 24 acres, ensuring a depth of at least 16 feet. Tfltr^roj^TTr^oes not
include any dredging in West Lake Winona because the cost of pumping to
Riverbend would be exorbitant and because no dredge spoil disposal sites
exist within pumping distance of the West Lake (Appendix IV-9).
The cost of this project would be paid by the City of Winona
(Bob, please elaborate on this. Part of cost written off because of
increased land values at Riverbend, etc).
C. Marsh Restoration
The restorations of East and West Marshes are proposed as
mitigation for loss of wetland in Riverbend Industrial Park, but present
investigations indicate that the restorations would be desirable even if
the Lake Winona and Riverbend projects not consumated. Research on the
restorations has been extensive and is ongoing, but final construction
plans, such as details of island configuration have not been finalized.
The proposed restorations are discussed in considerable_detail in 1991
Funding Proposal to the LCMR (Legislative Committee 6n Minnesota
Resources), "A Cooperative Project Between Winona State University and
the City of Winona to Restore Lake Winona Wetlands Dominated by the
Noxious Exotic Weed, Purple Loosestrife (LvthrumClsalicaria)" (Appendix IV
17, IV-18).
As a result of budgetary restiction requests by LCMR, the marsh
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restoration proposal was reduced to only include restoration of East
Marsh. A summary of the revised 1991 LCMR funding proposal is included
as Section IX of this report. At this writing, it is not known if the grant
request will be approved. If not, the City of Winona would be required to
pay for both restorations as part of the cost of the Riverbend and Lake
Winona projects (Bob, please elaborate on this).
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V.

Results of Field Investigations Conducted During Spring 1990
A.

Riverbend Industrial Park- Vegetation Mapping

The following is based on engineering data supplied by the Winona City
Engineer and a research paper "Ecological Characterization of Riverbend
Industrial Park" by Bruce Ebnet, Winona State University Biology Major,
May 1990.
INTRODUCTION
Riverbend Industrial Park is being considered as a repository for sediment
to be dredged from Lake Winona, but permit applications have been denied,
primarily because the area supports wetland vegetation and has hydric
soils. The City of Winona contends that the area is no longer a wetland
because the pumping station on County Ditch No. 4 keeps it dry at all
seasons. The purposes of this study were to: 1) map the present
vegetation of the area, 2) determine the proximity of the water table to
the soil surface, 3) determine the degree to which upland species of
vegetation are invading the area, and 4) make observations of wildlife and
human usage.
METHODS AND MATERIALS
A base map was made by projecting a photographic slide of a USFWS
high altitude, infrared photograph (9-16-84, 1:24,000) on paper and

tracing pertinent structural features, thus producing a map at a fractional
scale of 1:1,200. Transect lines, 400 feet apart and running in a northsouth direction, were established, using Sylva compass, range pole and
steel tape. Transects were marked with fluorescent tape. Vegetative
boundaries were determined along transects by actual measurement
and by use of a
range finder. Relative elevation of the
water table was determined by direct measurement in 5 piezometric
wells installed by the Corps during construction of the permanent dike.
Wildlife observations were made during the course of the vegetation
studies.
RESULTS
Major species of vegetation are mapped in Figure
. The major
tree species of the area are willow (Salix interior^, silver maple (Acer
sacchannum), cottonwood (Populus deltoides). and boxelder (Acer
negundo^. Open areas are dominated by reed canary grass (
_). Major wildlife species include whitetail deer, cottontail rabbit,
and beaver. The only permanent surface water exists in the utility ditches
dug in 1974 and in the small cattail marsh near Fleetfarm. Data collected
from piezometer wells are included in Table ?
add piezometer table here, substituting ground level for top of cmp
CONCLUSIONS
Most of the trees in the area logged in 1974 are multiple-stemmed,
indicating that they are clones arising from stumps. The presence of
single-stemmed boxelder among them demonstrates invasion of the
floodplain forest by an upland species. Piezometer measurements showed
that the water table lies 3-6 feet below ground level, even after a 5-inch
rain on April 22 left the entire area inundated to a depth of from 2 inches
to 4 feet (the latter in the cattail marsh) for about a week. Percolation of
rain water is retarded because the sand substrate is capped by fine
alluvial sediments that range in thickness from 1.5 to 36 feet deep. Sand
occurs throughout most of the area at depths of 9-15 feet. The cattail
marsh exists because it lies in a shallow basin, perched on a lens of fine
sediment. The water table is maintained significantly below ground level
by drainage via County Ditch No. 4 and its pumping station. The only
source of water for the area is precipitation. The wetland vegetation of

the area is a relic stand.
B. East Marsh- Small Mammal Studies
The following is a summary of a research paper "Lake Winona's East
Marsh: Habitability by Small Mammals" by Karen Babbitt, Winona State
University Biology Major.
INTRODUCTION
East Marsh may be restored as partial mitigation for loss of
wetland if Riverbend Industrial Park is filled with dredged sediment from
Lake Winona. The purposes of this study were to determine which species
of small mammals were using the area, how they were distributed, and
their relative densities. East Marsh is bordered on the south by the bike
path, on the west by Huff Street, and on the south by Highway 61. It
consists of 18.9 acres of shallow, temporary wetland interspersed with
higher ground and trees (Figure ?). Wet areas are dominated by monotypic
stands of purple loosestrife containing small pockets of cattails.
Loosestrife and grass areas in the west half of the marsh were mowed
during early winter, 1989. Heavy rainfalls during spring, 1990, caused
large puddles of water to remain there throughout the study period.
METHODS AND MATERIALS
Small mammals were live-trapped from June 3 to June 18, 1990,
using cans fitted with mousetraps and hardware cloth. Traps were baited
with a mixture of peanut butter and grain. The area was divided into 6
sections (Figure ?) and each section was laid with traps for a period of
five days. The mowed section was larger than the other areas, but its
habitable area was limited by standing water, mowed areas, and a high
rate of disturbance.
Traps were spaced as evenly as possible along north-south
transects spaced 60 feet apart. Trap locations were marked by tying white
yarn in nearby vegetation. Traps were checked once daily for 4
consecutive days and then moved to the adjacent section, proceeding from
east to west. Captured animals were marked with fingernail polish on
their fur and released at the site of capture. Records were kept of trap
locations and frequency of capture and recapture, enabling estimates of
home ranges and densities to be made. No attempt was made to identify

white-footed mice to species because the two species (Peromvscus
maniculatus and Peromvscus leucopus) are nearly identical
morphologically and occupy the same niches and use the same food sources
(Wolff, 1984; Parren and Capen, 1985).
RESULTS
Trapping for 24 nights yielded 76 white-footed deer mice
(Peromyscus spp), 2 northern short-tailed shrews (Blarina brevicauda). 7
pygmy shrews (Sorex hovfl. 5 meadow voles (Microtus pennsvlvanicus).
and 2 meadow jumping mice (Zapus hudsoniusV
Based on mark-recapture technique (Pollock et al. 1990), the
Peromvscus population was estimated to be 12.3 per acre. Peromvscus
were found scattered throughout the entire area, with 30% occurring in
wooded areas, 24% among purple loosestrife, 40% in borders between the
previous vegetative types, 6% in grassy areas, and 1% among cattails. The
latter data do not take into account effort or size of areas sampled. All
Peromvscus recaptures occurred within 200 feet of the original capture
location. Two litters of Peromvscus were born inside traps. Voles were
trapped most frequently along borders between trees and loosestrife.
Both species of shrews were trapped in wet areas of loosestrife, cattails
or forest.
Based on signs such as tracks, burrows, disturbed traps with teeth
marks, and actual observation, the following mammals are believed to
inhabit the area: raccoon (Procvon lotor). skunk (Mephitis mephitis),
muskrat (Ondatra zibethicus). opossum (Didelphis virginiana). eastern
mole (Scalopus aquaticus). woodchuck (Marmota mpnax), Mink (Mustela
vison), various squirrels (Sciurus spp). cottontail rabbits (Svlvilaaus
floridanus). and white-tailed deer (OdQCQileus virginianu?)CONCLUSIONS
Spring Peromvscus population density was high compared to those
reported in similar studies (Galindo and Krebs, 1985), perhaps because of
relatively few predators due to the proximity of Highway 61. Only 24% of
Peromuscus captures were made among loosestrife even though it
dominates the area. The data in this study may have been biased because
the different sections were trapped over a six week period from early
April through mid-May. Over this time, vegetation emerged successionally
in the sections. For example, Z. hudsonius was collected only in mid-may

in the western section. This was probably because this hibernating
species had not emerged from its burrows in the eastern sections trapped
early in the study. It is also probable that voles and shrews are more
widely distributed than the data would indicate. Their high rate of
capture in east sections in April may have been due to limited food
supplies (greenery for the voles and invertebrates for the shrews).
C. Bird Studies in East and West Marshes
The following is a summary of a research paper " A Pre-Restoration
Inventory of Birds Species in Wetlands Dominated by Purple Loosestrife
(Lythrum salicaria) along Lake Winona.
INTRODUCTION
The objective of this study was to assess the species of birds
presently using two wetlands that are dominated by purple loosestrife
(Lythrum salicaria^. The study focused on song birds, raptors, shore birds,
and waterfowl observed in or near loosestrife areas. In addition to
sightings, these observations included data on feeding, courtship,
dominance, nesting, feeding, and territorial behavior.
METHODS AND MATERIALS
Data was collected biweekly from March 20 to May 25, 1990, using
Bushnell Ensign 10X50 binoculars. Observations were made by walking the
periphery of both study areas and by entering loosestrife stands. Data
included time, weather, bird behavior, bird-plant associations, and other
ecological information. Arrival and departure dates were noted for
migratory species. Specific observation sites are shopwn in Figure ?
RESULTS
Fifty-one species were observed during the study. Some species
(e.g. raptors) did not land in the study areas, but flew above them.
Loosestrife stands (last years tangled, dead growth) were utilized by redwinged blackbird (Aaelaius phoeniceus). common grackle (Quiscalus
quiseulaV song sparrow (Melospiza meloclia^. American robin (Turdus
migratorius). American goldfinch (Carduelis tristisl. and unidentified
sparrows. Robins and grackles fed on the ground among the loosestrife.

Song sparrows and unidentified sparrows gathered nest materials among
the loosestrife and may have nested there. East Marsh contained at least
15 blackbird nests and West Marsh contained at least 5.
Trees and shrubs that bordered fields of loosestrife accomodated a
more diverse bird fauna than the loosestrife itself. A notable exception to
this was the patch of mowed loosestrife in West Marsh. Most ducks,
migratory shore birds and herons were seen there.
CONCLUSIONS
The two wetlands accomodated a diverse bird fauna, but the
extensive stands of old growth loosestrife were the least utilized. The
stands were utilized mainly by nesting red-winged blackbirds. The
extensive use of flooded, mowed loosestrife by many species
demonstrated that creation of open water areas could increase species
diversity. It should be recognized that this study was done during the
peak period of spring bird migration and prior to growth and flowering of
loosestrife. Studies done during the summer period of flowering and
maximum insect activity would surely result in a different bird list.

Summary of a Research Paper, "Habitat Analysis: West Marsh,
Winona, MN" by Jeffrey J. Schemenauer, WSU Biology Major, May 1990
Introduction
The West Marsh adjacent to Lake Winona contains a diversity of
habitat types. Open water areas are surrounded by a few meters of
cattails, other areas are covered with purple loosestrife, and a
variety of trees and shrubs are scattered throughout the area and
form a border around the marsh. The objective of this study was to
map the vegetation in the West Marsh, and to determine the
abundance of purple loosestrife in the marsh.
Methods and Materials
A generalized map of vegetation in the West Marsh was drawn
using a 1984 U.S. Fish and Wildlife Service high-altitude infrared
aerial photograph. On-site studies were used to identify the
different types of vegetation, and to modify the map to compensate
for vegetational changes that occurred since 1984.
Quantitative estimates of the importance of the major types of
vegetation in the West Marsh were made by dividing the marsh into
three areas and sampling the vegetation within each area using both
the line-intercept transect technique and the point-quarter
technique. Density, frequency, coverage, and importance indices
were calculated for the major species within each section.
Results
Purple loosestrife dominated much of the West Marsh (see are
map, Fig. ). The entire central portion of the marsh was occupied
almost exclusively by loosestrife. Trees such as boxelder,
cottonwood, willow, sumac, and trembling aspen formed a border
around much of the marsh, and also occurred on patches of higher
ground within the marsh. Pockets of cattails and Phragmites were
present along the treeeline and adjacent to open water areas.
Relative densities of loosestrife in the three sections ranged
from 0.80-1.00, relative frequencies from 0.75-1.00, relative
coverage from 0.90-1.00, and importance values from 2.50-3.00.
Boxelder and cattails were the other major plants encountered
during transect sampling, with relative densities of 0.00-0.20,
relative frequencies of 0.00-0.33, relative coverages 0.00-0.06, and
importance values of 0.00-0.50.

Point-quarter sampling in the wooded margins of the marsh
provided density estimates for the three sections ranging from
8.78-20.60 trees per 100 m 2 . Boxelder comprised 50% of the trees
sampled, cottonwood 25%, willow 19%, and trembling aspen 6%.
Conclusions
Purple loosestrife dominates much of the West Marsh. The area
occupied by loosestrife has expanded since 1984 at the expense of
native cattails. The area occupied by boxelder also appears to be
increasing.

Summary of a Research Paper, "Research Analysis of West Marsh
near KMart on Hwy. 61 for Lake Restoration Project" by Rachel Slaby,
WSU Biology Minor, May 1990
Introduction
The West Marsh near KMart contains several areas with standing
water, including both open water areas and zones completely filled
by emergent vegetation. The objective of this study was to examine
several physical, chemical, and biological parameters of these
standing water areas prior to the potential restoration of this marsh
habitat.
Methods and Materials
Seven sampling sites were established randomly throughout the
marsh to characterize the water habitats. Two additional sampling
sites, one in Lake Winona and one in County Ditch #3, also were used
for comparative purposes. Water samples were collected from each
site and returned to the laboratory for analysis of pH, dissolved
oxygen, total nitrates, and fecal coliform bacteria levels, all
following standard testing methodology. A sediment core was
collected at each site for analysis of sediment organic content. An
Ekman drege was used to collect benthic macroinvertebrates from
each site (except Lake Winona) for identification and enumeration.

Results
Of the several water chemistry variables examined, some
exhibited much site-to-site variability, whereas others differed
little among sites. The pH at the marsh sites ranged from 7.6 to 8.1
(Lake Winona: 8.9, County Ditch: 8.4). Dissolved oxygen
concentrations ranged from 4.4 to 10.8 mg/l (Lake Winona: 10.4,
County Ditch: 11.6). Total nitrates in the marsh ranged from 1.40 to
3.75 mg/l (Lake Winona: 0.85, County Ditch: 2.65). Fecal coliform
bacteria counts ranged from 84 to 650 colonies/ml (Lake Winona: 64,
County Ditch: 352). Sediment organic content ranged from 20.4 to
35.2% (Lake Winona: 10.0, County Ditch: 20.3).
Twelve total taxa of benthic macroinvertebrates were collected
from the marsh sampling sites. Samples usually were dominated by
snails (three genera), fingernail clams (one genus), and freshwater
oligochaetes. Density estimates for the marsh sites ranged from
301 to 1937 individuals/m 2 (County Ditch: 775).
Conclusions
Of the variables examined during this study, only dissolved
oxygen concentrations appeared to differ between open water and
vegetated sites within the West Marsh (higher levels in open water
areas). Dissolved oxygen concentrations and pH generally were
lower at the marsh sites than in Lake Winona or County Ditch #3.
Benthic macroinvertebrate densities within the marsh were
comparable to those found in Lake Winona by previous investigators.

Summary of a Research Paper, "Wetland Vegetation Sampling, East
Restoration Site" by Jeffrey W. Jambretz, WSU Biology Major, May
1990
Introduction
The East Marsh bordering Lake Winona contains large stands of
purple loosestrife and many trees. Because this site may be
restored to make it a better wetland, this project was designed to
identify and map the vegetation presently occupying the area. In
addition, density estimates for purple loosestrife and the major tree
species were made.

Methods and Materials
A rough map of the vegetation of the East Marsh was developed
using a 1984 U.S. Fish and Wildlife Service high-altitude infrared
photograph of the site. Field studies were used to identify the
vegetation and to modify the map to include changes in the
vegetation between 1984 and 1990.
Vegetation in the three open areas of the marsh was sampled
using a transect sampling method. Two or four transects totaling
100 m were sampled in each of the three areas to obtain data used
to calculate density, frequency, coverage, and importance indices for
purple loosestrife and other herbaceous vegetation.
The point-quarter sampling method was used to sample trees in
each of ten wooded areas around the perimeter of the marsh, and
data collected were used to calculate the same indices as listed
above.
Results
The three large open areas of the East Marsh were dominated by
purple loosestrife (see map, Fig. ). The loosestrife areas are
separated from one another by trees such as boxelder, willow,
sumac, cottonwood, and trembling aspen. These same species also
formed a border around most of the marsh. Scattered patches of
cattails, Phragmites. assorted grasses, daylily, wild grape,
honeysuckle, and lilac also were present throughout the area
Relative densities for loosestrife in the three areas ranged from
0.78-1.00, relative frequencies from 0.67-1.00, relative coverages
from 0.96-1.00, and importance values from 2.45-3.00. Cattails,
sumac, and a few wild grap were the only other plants located along
the transects within the loosestrife areas.
Boxelder was the dominant tree around the edge of the marsh.
Total tree density in the ten stands sampled ranged from 2.95-27.80
trees per 100 m2. Boxelder was the only tree species present in all
sampled areas, and was the only tree species present in eight of the
ten areas sampled. Cottonwood and trembling aspen were located in
one and two sections, respectively. Willows also were present
around the marsh, but did not occur in any of the areas sampled.
Conclusions
Purple loosestrife dominates the open areas of the East Marsh. It
apparently has displaced the native marsh vegetation in most of

these areas. Native vegetation remains in very muddy areas, and a
few locations with water 1-3 feet in depth.
Boxelder is the major type of tree found in the East Marsh.
Purple loosestrife was not present in areas where boxelder was the
only tree species present, apparently because of the heavy shade
produced by the trees. In areas with mixed tree species, some
loosestrife was present. Tree species diversity was highest along
the north edge of the marsh adjacent to the bicycle path.

VIII. Summary of Proposed Plans for Industrial Park Creation, Lake
Dredging and Wetland Restoration
A.

Riverbend Industrial Park

The City of Winona proposes (Appendix IV-10) to dredge 950,000
cubic yards of sand material from the easterly 24 acres of Lake Winona to
fill 81 acres of Riverbend Industrial Park, raising Riverbend to an
elevation of 655.5 MSL. Additionally, 392,000 cubic yards of muck from
Lake Winona would be placed atop the sand fill, to a depth of 3 feet. After
drying to a depth of
feet the muck could be used onsite for landscaping
or used elsewhere in the city. Prior to filling, trees would be cut and
removed. Their stumps would remain. The park has a natural containment
area. Additional dikes would be constructed to keep fill away from the
Permanent Dike and the area to the west sold to Badger Foundry.
Riverbend is protected from floods by the Permanent Dike and Pumping
Station.
The cost of this project would be paid by the City of Winona. (Bob,
please elaborate on this, increased land values etc.)

B. Lake Winona Dredging
The City of Winona proposes (Appendix IV-10) to deepen 110 acres
of the East Lake of Lake Winona from a general depth of 8 feet to 16 feet
in order to eliminate nuisance weed growth and to remove nutrient-rich
organic muck that has a high biological oxygen demand. Dredging would
have many other benefits including: reduced panfish stunting, reduced need
for artificial aeration and weed harvesting, improved swimming and
boating, enhanced aesthetic qualities, and prolonged life of the lake.
The easterly 24 acres of Lake Winona would be dredged to a depth of
about 60 feet, providing 950,000 cubic yards of sand for filling Riverbend
Industrial Park. Subsequently, 950,000 cubic yards of muck would be
dredged from the 110-acre area, with 392,000 cubic yards of it going to
Riverbend and the remaining 558,000 cubic yards being pumped into the
hole created by sand removal. A containment curtain would be used to
contain silt in the 24-acre area. The muck would be evenly spread over
the 24 acres, ensuring a depth of at least 16 feet. This project does not
include any dredging in West Lake Winona because the cost of pumping to
Riverbend would be exorbitant and because no dredge spoil disposal sites
exist within pumping distance of the West Lake (Appendix IV-9).
The cost of this project would be paid by the City of Winona
(Bob, please elaborate on this. Part of cost written off because of
increased land values at Riverbend, etc).
C. Marsh Restoration
The restorations of East and West Marshes are proposed as
mitigation for loss of wetland in Riverbend Industrial Park, but present
investigations indicate that the restorations would be desirable even if
the Lake Winona and Riverbend projects not consumated. Research on the
restorations has been extensive and is ongoing, but final construction
plans, such as details of island configuration have not been finalized.
The proposed restorations are discussed in considerable detail in 1991
Funding Proposal to the LCMR (Legislative Committee on Minnesota
Resources), "A Cooperative Project Between Winona State University and
the City of Winona to Restore Lake Winona Wetlands Dominated by the
Noxious Exotic Weed, Purple Loosestrife (Lvthrum salicariaV' (Appendix IV
17, IV-18).
As a result of budgetary restiction requests by LCMR, the marsh

restoration proposal was reduced to only include restoration of East
Marsh. A summary of the revised 1991 LCMR funding proposal is included
as Section IX of this report. At this writing, it is not known if the grant
request will be approved. If not, the City of Winona would be required to
pay for both restorations as part of the cost of the Riverbend and Lake
Winona projects (Bob, please elaborate on this).

